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APPENDIX  I 
Review  of  the  Literature 


ADDITIONAL   INFORMATION  FROM  THE 
SCIENTIFIC  LITERATURE 
Descriptive  Epidemiology  of  childhood  Leukemia 
Age  and  Sex 

AML  occurs  at  a  constant  low  rate  throughout  early 
childhood,   the  annual  incidence  rising  sharply  between  the 
mid-teens  and  mid-twenties  to  about  five  to  ten  cases  per 
million.     ALL  shows  a  strikingly  different  pattern;  peak 
incidence  (around  40  cases  per  million  [Linet^  1985])  occurs 
between  ages  one  and  four,  and  incidence  decreases  rapidly  to  a 
low  of  only  about  one  case  per  million  population  annually  at 
around  age  3  0  [Linet,   198  5]  . 

Data  are  mounting  to  suggest  that  leukemia  occurring  in 
children  under  seven  years  of  age  is  a  disease  distinct  from  that 
affecting  older  children  and  adults.     As  Lancet  editors  stressed 
in  a  recently  published  editorial   [1990],  early  childliood  cases 
of  ALL  tend  to  be  the  B-cell  type,  whereas  leukctia  allecting 
older  young  people  is  more  heterogeneous  witli  rccpoct  to  subtype. 
Alexander  and  McKinney  [1990]  have  further  poin'ccd  out  that  there 
is  little  correlation  in  British  statistics  between  county 
standardized  mortality  ratios  for  leukemia  occurring  at  ages  one 
to  seven  and  that  occurring  at  ages  eight  to  24  —  the  suggestion 
being  that  the  early  childhood  form  is  also  etiologically 
different  from  that  affecting  older  children-     As  will  be  seen 
from  the  paragraphs  that  follow,  many  inconsistencies  have 
emerged  from  studies  of  leukemia  in  general  and  of  childhood 
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leukemia  in  particular-     This  inconsistency  may  have  resulted,  in 
part,   from  a  failure  to  treat  childhood  and  adult  leukeraias  as 
separate  entities  and  from  the  lack  of  a  uniformly  applied 
definition  of  childhood  in  those  studies  that  have  either 
concentrated  on  children  or  reported  results  separately  for 
children  and  adults. 

Socioeconomic  Status  (SES) 

Van  Steensel-Moll  et  al,    [1986]  found  that  Dutch  children 
affected  with  leukemia  had  a  lower  incidence  than  controls  of 
serious  infections  during  the  first  year  of  life,  although  cases 
and  controls  were  similar  in  terras  of  common-infection  rates. 
The  authors  were  surprised  by  these  results  and  considered 
selective  survival  to  be  an  unlikely  explanation  for  this 
phenomenon  in  a  developed  society.     It  could  be  argued,  however, 
that  these  findings  night- have  been  predicted  by  Knox  et  al. 
[1984],  who  spoke  of  "pre-emptively  fatal  hazards,  such  as 
pneumonia."     To  elalDorate,  while  we  might  not  expect  even  a 
pre-leukemic  child  to  die  of  a  simple  cold  or  other  common 
infection  in  a  western  society,  it  would  not  seem  unreasoncible 
that  pneumonia  would  be  more  likely  to  have  a  fatal  outcome  in 
such  children  as  compared  with  normal  children.     The  consequence 
of  this  selection  would  be  a  decreased  ability  to  find  victims  of 
childhood  leukemia  who  had  survived  pneumonia.     Nevertheless,  Van 
Steensel-Moll  et  al.  raise  the  possibility  that  infection  may 
have  a  protective  effect  against  leukemia.     In  support  of  this 


idea.  Van  Steensel-Moll  et  al-   cite  data  indicating  that,  as 
countries  improve  socioeconomically   (a  change  that  is  generally 
accompanied  by  a  decrease  in  the  infection  load)  ,  the  rate  of 
-childhood  lymphoma  drops,  but  the  rate  of  leukemia  increases. 
These  data  could,  however,   reflect  a  directly  causal  role  for 
infectious  agents  in  lymphoma  etiology  and  a  pre-emptive  effect 
of  exposure  to  these  agents  in  childhood  leukemia  occurrence. 

Urb2m/Rural  Environment,  Population  Density  and/or  Growth 

When  Linet  published  her  review  of  leukemia  epidemiology  in 
1985,  few  data  were  available  with  which  to  address  the  question 
of  whether  there  was  any  relationship  between  degree  of 
urbanization  and  leukemia  incidence.     Donham  et  al.    [1980],  using 
data  from  the  Third  National  Cancer  Su2rvey,  found  that,  for  males 
in  Iowa,  ALL  rates  were  higher  in  rural  areas  versus  urban  ones, 
but  no  such  difference  was  found  for  females.     No  urban/rural 
differences  emerged  for  males  from  analyses  performed  by  the 
International  Agency  for  Research  on  Cancer  (lARC)  ,  ahd  these 
data  suggested  that  urban  females  have  higher  leukemia  rates  than 
do  rural  females.     Linet  [1985]  suggested  that  the  different 
findings  from  the  two  data  sets  might  be  explained  by  the  lack  of 
separation  of  cell  types  in  the  lARC  data  or  by  differences  in 
the  conditions  of  rural  life  in  Iowa  versus  other  locations.  In 
any  case,  these  analyses  did  not  pertain  specifically  to 
childhood  leukemia.     Data  analyses  recently  completed  by 
Alexander  [1990a]  suggested  that  the  positive  association  noted 
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in  various  data  sets  between  childhood  leukemia  incidence  and 
rural  isolation  was  stronger  in  young  children  versus  older  ones. 

Several  more  analyses  pertaining  to  this  and  associated 
factors  in  relation  to  childhood  leukemia  incidence  have  been 
conducted  in  recent  years.     The  impetus  for  the  additional 
research  was  the  finding  of  high  leukemia  rate;:  near 
nuclear-fuel-reprocessing  plants  in  Great  Britain,     Kinlen  [1988] 
pointed  out  that  the  areas  with  the  plants  and  the  childhood 
leukemia  clusters  were  rural  and  characterized  by  rapid 
population  growth  —  the  implication  being  that  the  rural 
character  of  the  areas  and  their  rapid  change  to  more  populous 
communities  was  directly  linked  to  the  leukemia  excesses  and  that 
the  location  of  the  nuclear  facilities  in  the  areas  was  merely 
coincidental.     Kinlen  et  al.'s  studies  of  this  hypothesis  focused 
on  new  towns  that  have  sprung  up  in  rural  areas  of  Great  Britain 
in  response  to  the  development  of  a  new  industry.     Alexander  and 
McKinney  [1990],  however,  claim  that  the  explonaticn  lor  tiie 
increases  is  community  isolation,  not  populatiori  cixing;  to 
support  their  claim,  these  authors  point  to  their  obGcrvction 
that,  in  developed  societies,  the  age  peak  in  childhood  leukemia 
incidence  (manifested  as  high  incidence  in  the  one-to-seven  years 
age  range)   is  more  pronounced  in  rural  (regardless  of  population 
growth)  and  low-SES  communities  as  compared  to  urban  and  high-SES 
areas.     PYirthermore ,  these  authors  and  others  [Alexander  et  al., 
1990a]  failed  to  find  evidence  of  an  association  between 
childhood  ALL  incidence  and  commuting-to-work  distances,  but  the 


descriptive  data  they  used  did  support  the  hypothesis  that 
childhood  leukemia  incidence  is  related  to  distance  from  built-up 
areas. 

Langford  and  Bentham  [1990],  on  the  , other  hand,  favor  the 
hypothesis  that  rapid  population  growth  (regardless  of  the 
original  character  of  the  areas)   explains  the  excess  Ciixidhood 
leukemia  observed  in  the  nuclear-plant-  containing  communities 
and  other  isolated  towns.     These  authors  found  excesses  of 
childhood  leukemia  in  areas  of  England  and  Wales  whose 
populations  had  increased  by  more  than  50  percent  between  1961 
and  1971.     Excesses  were  not  observed  for  areas  that  had 
experienced  smaller  population  increases. 

As  a  final  note  on  this  subject,   it  is  useful  to  consider 
Alexander  and  McKinney's  caution  that  the  community 
characteristics  that  are  related  to  leukemia  occurrence  during 
the  peak-incidence  years  in  childhood  may  have  no  etiologic 
significance. 

Secular  Trends 

Mortality  from  childhood  leukemia  increased  drcimatically  in 
England  and  Wales  between  1911  and  1955,  an  era  during  which  the 
disease  was  uniformly  fatal.     Doll  [1989]  attributes  the  increase 
to  either  heightened  incidence  or  improved  diagnostic  capability. 
In  the  Discussion  of  his  paper,  he  also  invokes  Stewart  and 
Kneale's  now  well-known  explanation  involving  the  deaths  of  Icorge 
numbers  of  undiagnosed  leukemias  from  infections  to  which,  as 
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pre-leukemics ,   they  would  have  been  unusually  susceptible  and  for 
which  powerful  treatments  were  unavailable  until  close  to  the 
time  of  peak  leukemia  mortality-     Mortality  from  childhood 
leiikemia  decreased  rapidly  in  recent  years  due  to  treatment 
advances. 

Clustering 

Small  clusters  of  rare  events  constitute  a  natural  feature 
of  random  distribution,  necessitating  the  observation  of  some 
minimal  deqxee  of  clustering  to  define  a  meaningful  group  of 
cases  and  raising  the  possibility  that  childhood  leukemia  cases 
only  appear  to  cluster  because  of  the  extreme  inaccessibility  of 
even  small  numbers  of  cases. 

Another  difficulty  that  has  been  encountered  in  cluster 
identification  pertains  to  the  acceptable  parameters  of  the 
epidemic  curve  for  cancer.     Critics  of  cluster  identifiers  have 
often  pointed  out  that  if  a  longer  time  period  wi  r*.-  considered, 
incidence  would  appear  more  normal,  because  clu:  l«  ri.  oltcn  occur 
between  periods  of  low  incidence.     In  Woburn,   Kacsachusetts ,  for 
example,  21  cases  of  childhood  leukemia  occurred  between  1969  and 
1986,  but  no  cases  have  occurred  since  the  spring  of  1986. 

Modem  tests  of  clustering  have  involved  the  apriori 
specification  of  a  place  and  time  period  and  the  search  for 
evidence  of  clustering  among  all  cases  that  have  arisen  within 
those  pre-specif ied  parameters.     After  reviewing  the  cluster 
analyses  that  had  been  completed  by  1976,  Smith  [1982]  concluded 


that  the  data  provided  "...   very  little  support  for  the  notion 
that  space-time  clustering  of  leukemia  is  a  feature  that 
etiologic  hypotheses  must  encompass." 

In  a  more  recently  published  paper,  Doll   [1989]  pointed  out 
that,  because  the  statistical  techniques  that  have  been  applied 
to  the  clustering  phenomenon  have  been  relatively  weak,  the 
question  should  be  considered  still  open. 

Interest  in  the  clustering  of  childhood  leukemia  was 
re-awakened  recently  by  reports, of  clusters'  occurring  in  the 
vicinity  of  Great  Britain's  nuclear- fuel-reprocessing  facilities. 
Much  of  the  criticism  that  has  been  launched  against  those  who 
have  hypothesized  a  causal  role  for  radioactivity  in  this 
clustering  has  centered  on  the  question  of  whether  such  clusters 
might  have  arisen  by  chance. 

Some  authors  of  recently  published  reports  have  presented 
evidence  supportive  of  childhood  leukemia  clustering  in  Great 
Britain  [Morris,  1990;  Alexander  et  al.,   1990b;  Knox  and  Gilman,. 
1992a, b].     Studies  conducted  by  Knox  and  Gilman  [1992a, b] 
concerned  all  of  Great  Britain;  Alexander  et  al.  [1990b] 
specifically  targeted  for  cluster  analysis  an  area  containing  a 
nuclear-reprocessing  facility  in  which  a  well-known  anecdotal 
cluster  was  located;  and  Muir  et  al.    [1990]  purposely  singled  out 
an  area  lacking  a  nuclear  facility.     The  last-mentioned  team  of 
investigators  found  individual  clusters  but  concluded  that  the 
tendency  of  cases  of  childhood  cancer  to  cluster  did  not  exceed 
that  expected  by  chance  alone.     All  of  the  other  investigators 
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found  evidence  of  clustering,  but  certain  complexities  emerged  in 
the  data.     For  example,  although  Knox  and  Gilman  [1992a] 
demonstrated  both  space-time  and  geographical  clustering,  they 
found  no  tendency  for  cases  to  cluster  in  fctmilies  or  even  in 
monozygotic  twin  pairs  —  a  result  that  is  difficult  to  reconcile 
with  any  etiologic  hypothesis,  given  the  necessity  of  the 
environmental  agents  responsible  for  the  clustered  diagnoses  to 
rarely  affect  siblings  and  virtually  never  affect  both  members  of 
a  twin  pair.     Both  Knox  and  Gilman  [19923]  and  Morris  [1990] 
favor  a  promotional  role  for  the  cause  of  the  clustering 
phenomenon,  and  both  teams  consider  an  infectious  agent  to  be  a 
likely  candidate.     Vivian  Morris   [1990],   in  fact,  tested  the 
hypothesis  that  cases  in  close  pairs  had  different 
infectious-disease  profiles  from  matched  controls.     She  found 
some  evidence  that  children  involved  in  close  pairs  who  developed 
cancer  relatively  late  had  lov/er  previous-infection  rates  than 
their  matched  controls.     The  resemblance  between  Morris'  results 
and  those  of  Van  Steensel-Moll   [1986]  discussed  in  a  previous 
section  is  noteworthy.     Like  Van  Steensel-Moll 's  findings, 
Morris'  results  seem  consistent  with  the  idea  that  high  infection 
rates  would  be  difficult  to  find  in  children  diagnosed  at  older 
ages,  because  pre-initiated  children  who  had  experienced  frequent 
or  serious  infections  might  have  either  died  of  infection  before 
leukemia  was  diagnosed  or  been  diagnosed  earlier. 
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Doll's  recent  review  [1989]   provides  a  scenario  (which  Doll 
attributes  to  Greaves)   that  might  explain  some  of  the 
complexities  of  clustering  noted  above-     Greaves'   [1988]   idea  of 
childhood  leukemia  initiation  involves  two  separate  mutations  — 
one  occurring  in  fetal  life  and  one  occurring  later.     Both  events 
are  seen  by  Greaves  as  random  DNA-transcription  errors  whose 
likelihood  is  increased  by  the  high  rates  of  cell  division  that 
prevail  when  the  B  cell  precursors  are  multiplying  rapidly  and 
when  antibody-producing  cells  proliferate  in  response  to  antigens 
encountered  by  the  child  in  the  environment  outside  the  uterus. 
In  such  a  scenario,  an  identical  twin  of  a  potential  leukemic 
would  be  no  more  susceptible  than  an  unrelated  individual  whose 
cells  were  undergoing  the  same  changes  at  the  same  time. 
Clustered  diagnoses  might  occur  in  relation  to  infectious-disease 
epidemics  not  because  the  infectious  agents  have  a  directly 
causal  role  but  because  they  provide  the  circumstances  that 
increase  the  likelihood  of  the  occurrence  of  a  random  event.  As 
Doll  points  out,  such  a  mechanism  would  not  necessarily  preclude 
a  role  for  environmental  factors.     Also  explained  by  Greaves' 
model  is  the  predominance  of  the  "B"  cell  type  of  ALL  and  the 
sharply  focused  age  distribution  of  the  disease.     Greaves  claims 
that  animal  data  suggest  the  existence  of  an  immune-stimulus- 
initiated  positive  feedback  mechanism  controlling  B-cell 
proliferation  which  is  not  detectable  in  the  thymus,  where  "T" 
cells  originate-     The  age  peak  corresponds  to  the  typical  timing 
of  the  first  major  immunologic  challenge  presented  to  the  young 
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child.     Leukemia  cases  arising  in  older  children  might  be 
explained  by  delayed  occurrence  of  inununo logic  challenge  or, 
perhaps,  by  some  other  mutagenic  or  proliferative  stress 
resulting  in  a  second  mutation  in  children  whose  first  mutation 
occurred  during  the  early  childhood  period  of  high  immunologic 
challenge . 

Alexander  [1992]  recently  found  evidence  of  spatial 
clustering  near  the  time  of  birth  of  children  who  developed 
leukemia  late  in  childhood.     The  evidence  of  clustering  was 
weaker  for  children  whose  disease  manifested  itself  during  the 
early  childhood  peak.     Although  the  immunophenotypes  of  the  cases 
were  net  known,  Alexander  reasoned  that  the  older  cases  may  have 
been  T-cell  ALL,  which  is  more  common  than  B-cell  ALL  after  the 
early  childhood  peak,  and  that  clustering  may  be  a  feature  of  the 
epidemiology  of  T-cell  ALL  only. 

Etiologic  Hypotheses 
A  Lancet  editorial   [1990]   recently  proclaimed  that  the  only 
•known  causes  of  leukemia  in  children  are  exposure  to  X-rays  in 
utero  and  ionizing  radiation.     Furthermore,  Knox  et  al.  [1984] 
believe  that  most  of  the  epidemiological  associations  described 
in  the  previous  sections  "...  are  best  interpreted  in 
non-causal  terms  .    .    .  This  is  not  to  suggest  that  all 

childhood  leukemia  is  caused  by  radiation;  according  to  Lancet 
editors,  the  identified  causes  are  responsible  for  no  more  than 
eight  percent  of  cases,  with  the  remaining  cases  unexplained.  In 
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1987,   Cartwright  listed  unusual  patterns  of  infection,   lack  of 
vaccination,   and  chloramphenicol  use  as  the  only  other  known 
leukemia  correlates  with  etiologic  potential. 

Our  understanding  of  the  causes  of  childhood  leukemia  is 
hampered  by  the  historical  treatment  of  all  of  leukemia  as  a 
single  disease.     Linet's  1985  review  of  the  leukemias  sought  to 
characterize  as  fully  a  possible  the  epidemiology  of  the 
different  cell  types.     Even  Linet,  however,  failed  to  distinguish 
childhood  leukemia  from  adult  forms.     The  body  of  epidemiologic 
studies  on  childhood  leukemia  has  been  growing  in  recent  yezirs,  . 
however.     Researchers  have  concentrated  on  parents'  histories  of 
chemical  and/or  radiation  exposure,  the  possible  role  of 
infectious  agents,  the  effect  of  mothers'  cigarette  smoking 
during  pregnancy  and  of  passive  smoking  during  childhood,  the 
effects  of  exposure  to  electric  and  magnetic  fields,  and  the 
possible  etiologic  significance  of  residing  near  nuclear 
facilities. 

Infectious  Disease 

The  attempt  to  relate  infectious  agents  to  leukemia  has  a 
long  history.     The  tendency  to  blame  childhood  leukemia,  in 
particular,  on  viruses  is,   in  fact,  so  strong  that  attempts  have 
been  made  to  explain  most  of  the  epidemiologic  features  discussed 
above  in  terms  of  the  principles  of  infectious  disease 
epidemiology.     The  associations  noted  between  childhood  leukemia 
and  low  birth  order  [MacMahon,  1992a] ,  high  socioeconomic  status 
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[Van  Steensel-Moll  et  al.,    1986],   and  rural  environment  [Kinlen, 
1988],   for  example,   have  been  hypothesized  to  be  virally  mediated 
—  in  all  three  cases,   by  delayed  or  reduced  exposure  to  common 
viruses. 

As  noted  above,  the  perceived  tendency  for  childhood 
leukemia  to  cluster  has  provided  some  of  the  impetus  behind  the 
search  for  an  infectious  cause  of  childhood  leukemia,  but  there 
are  other  reasons  to  suspect  that  the  disease  might  have  a  viral 
etiology,  at  least  in  some  cases.     Among  these  is  the  certainty 
of  the  role  of  viruses  in  animal  leukemia  [Heath,  1982], 
Retroviruses,  which  contain  RNA  as  their  genetic  material  [Davis 
et  al-,   1980],  cause  leukemia  in  cows,   cats,  chickens,  gibbons, 
birds,  and  primates-     The  viruses  can  be  transmitted  in  various 
bodily  fluids,  and  leukemia  follows  infection  by  months  or  years 
[Linet,  1985]. 

The  observation  that  leukemia  viruses  cross  species  [Linet, 
1985]  barriers  has  perhaps  fueled  the  search  for  evidence  of 
transmission  of  animal  leukemia  viruses  to  humans.  This 
particular  subject  has  received  considerable  attention  in  the 
literature,  without  any  hint  of  an  association,  but  Kranz  [1983], 
who  has  reviewed  much  of  the  research,  concludes  that  the  studies 
were  unlikely  to  have  revealed  any  relationship  had  one  existed. 
The  main  problem  with  the  past  investigations  concerned  the 
vagueness  of  exposure  assessment  —  a  weakness  derived  from 
ignorance  cibout  what  circumstances  might  be  required  for 
transmission  (e.g.,  contact  with  a  sick  animal,  contact  with  an 
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animal  with  leukemia,    intimate  contact,   long-term  association, 
long  latency  between  association  and  outcome,  etc.)- 

Linet  [1985]  refers  to  ecologic  studies  showing  correlations 
between  human  leukemia  incidence  or  mortality  rates  and  rates  of 
leukemia  in  cows.     She  reports  that  some  such  studies  have 
revealed  associations  and  some  have  not.     Even  if  significciiC 
associations  had  been  found  in  the  majority  of  such 
investigations,  this  would  constitute  only  weak  evidence  for  an 
infective  cause  of  leukemia  or  animal -to-human  transfer  of  the 
microbe  —  the  weci3cness  of  these  data  deriving  from  the  failure' 
of  ecologic  designs  to  ascribe  exposure  to  individuals  (i.e..  Did 
the  people  who  developed  leukemia  come  in  contact  with  cows?)  and 
to  eliminate  alternative  explanations  for  the  increased  leukemia 
incidence  occurring  at  the  time  of  bovine  epidemics. 
Individual-level  investigations  have  relied  on  similarly  poor 
surrogates  for  exposure  to  animal  viruses  such  as  an  entry  of 
"farming"  for  occupation  on  death  certif icater. . 

Strongly  implicating  viruses  in  the  etiolocry  ctiiidtiood 
leukemia  is  the  association  of  a  retrovirus  with  a  lorn  of  adult 
leiikemia  (ATL  =  adult  T-cell  leukemia)  which  has  been  identified 
in  Japan,  the  Caribbean  Basin,  and  Central  Africa  [Kazura  et  al., 
1987]  - 

Authors  of  recently  published  papers  have  asserted  that  ATL 
is  caused  by  a  latent  infection  with  human  T-cell  leukemia  virus 
type  1  [Kushuhara  et  al.,   1987;  Reeves  et  al.,  1988;  Kazura  et 
al-,   1987].     The  basis  for  this  claim  appears  to  be  the  repeated 
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demonstration  of  the  virus  in  the  genome  of  lymphoblastoid  cells 
(but  not  other  cells)    of  ATL  victims.     The  absence  of  the  virus 
from  all  but  neoplastic  cells  shows  that  it  is  acquired  rather 
than  inherited  [ Robert -Guroff  et  al.,  1982].     Antibodies  to  the 
virus  have  also  been  demonstrated  in  samples  from  patients  with 
ALL,  CML  in  blast  crisis,  and  acuue  monocytic  leukemia  (but  not 
other  AML  types  or  CLL) ,  but  the  seropositive  proportion  of 
non-ATL  samples  was  considerably  lower  than  that  for  ATL  scimples. 

Some  interesting  data  were  obtained  by  Izui  et  al,,  who 
compared  the  single-stranded-DNA-binding  activity  of  sera 
obtained  from  patients  with  ALL,  AML,  and  CML  to  that  from 
controls.     The  finding  of  higher  levels  in  cases  versus  controls 
would  be  significant,   because  single-stranded  DNA,  which  does  not 
occur  in  humans,  results  from  an  enzyme-mediated  process  in  RNA 
viruses;  furthermore,  the  infection  of  humans  by  such  viruses 
should  elicit  the  production  of  antibodies  capable  of  binding  to 
the  single-stranded  DNA. 

The  levels  of  single-stranded-DNA-binding  activity  were 
higher  in  all  three  types  of  leukemia  patients  versus  controls. 
Of  course,   it  is  unlikely  that  all  RNA  viruses  cause  leukemia, 
such  that  the  presence  of  the  antibodies  in  a  leukemia  patient 
does  not  prove  that  a  virus  caused  the  leukemia.     On  the  other 
hand,  the  comparatively  higher  activity  in  cases  versus  controls 
in  a  fair-sized  study  (175  cases)   is  certainly  suggestive. 

The  notion  that  leukemia  might  be  a  rare  response  to  a 
common  virus  has  been  investigated  in  a  number  of  studies 
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attempting  to  relate  increases  in  leukemia  incidence  to  epidemics 
of  common  infections.     Heath  [1982]   contends  that  enough  studies 
of  influenza  have  been  conducted  to  remove  the  flu  virus  from 
suspicion,  but  the  potential  role  of  varicella  virus  is  still 
under  investigation. 

Linet  [1985]  reports  on  a  case-contiol  study  completed  by 
Gharton  et  al.  in  1971  in  which  measurements  of  antibodies  to 
various  common  viruses  revealed  that  only  one  case-control 
difference  —  the  proportion  of  cases  positive  for  herpes  virus 
was  lower  than  the  control  proportion.     As  Linet  points  out, 
these  results  might  indicate  that  the  leukemics  were  less  c±)le  to 
mount  an  immune  response  against  herpes  virus  and,  as  a 
consequence,   sustained  more  than  the  usual  degree  of  harm  from 
this ■ common  pathogen. 

Although  the  identification  of  anecdotal  clusters  of 
childhood  leukem.ia  cases  have  been  used  as  circumstantial 
evidence  of  an  infectious  etiology',  specific  scarcJios  lor 
clustered  occurrence  of  cases  have  been  unsuccccnf ul  until 
recently  [MacMahon,   1992b],     Alexander  et  al.    (1592]  demonstrated 
via  a  case-control  design  that  childhood  victims  of  ALL  were  more 
likely  to  have  had  cases  than  controls  as  nearest  neighbors 
between  birth  and  diagnosis.     This  difference  was  highly 
statistically  significant  and  was  attributable  mainly  to  the 
effect  noted  for  children  under  age  five  at  diagnosis. 
Interestingly,  the  nearest-neighbor  cases  of  the  young  (age  0-4 
years)   leukemic  children  tended  to  be  older  (age  5-14  years) 
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children.     Furthermore,   the  majority  of  affected  children  with 
nearest  neighbors  who  were  also  cases  had  been  neighbors  for  a 
period  that  extended  back  to  more  than  two  years  prior  to  the 
diagnosis  of  at  least  one  of  the  two  children.     The  authors  also 
found  evidence  of  linkage  of  groups  of  younger  cases  around  a 
smaller  number  of  older  neighbor  cases.     The  results  led  to  the 
following  three  hypotheses  relating  to  an  unknown  infectious 
agent,   Z  [Alexander,  1992]: 

I.  Some  children  become  persistently  infected  following 
exposure  in  utero  or  around  the  time  of  birth.  These 
children  have  increased  risk  of  developing  leukemia, 
especially  ALL  at  older  age  of  onset   (5  years  or  older)  . 

II.  Post-natal  exposure  to  Z  may  increase  the  risk  of  ALL  in 
young  children  (aged  under  5  years  at  diagnosis)  and  in 
particular 

III-     ALL  in  the  'childhood'  peak   (ages  2-4  years)  may  be  a 
rare  sequelae  of  recent  first  exposure  to  Z   [1992,  p. 
589]. 

Alexander  et  al.  see  parallels  between  hypothesis  III.  above 
and  a  model  of  common  childhood  ALL  causation  proposed  by 
Greaves,  a  theorist  who  envisions  a  role  for  viruses  which  allows 
for  interaction  with  other  environmental  factors.     Greaves  claims 
that  the  traditional  sequence  of  events  in  terms  of  the  timing  of 
the  introduction  of  microorganisms  protects  against  common 
childhood  ALL,   and  that  such  factors  as  decreasing  family  size 
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and  a  trend  away  from  breast  feeding  have  contributed  to  (1) 
secular  increases  in  leukemia  incidence  and   (2)   an  association 
between  leukemia  incidence  and  SES. 

In  Greaves'  view,  the  viruses  which  function  in  the  etiology 
of  common  childhood  leukemia  are  not  transforming  agents  but 
promoters  stimulating  the  division  of  already  transformed  cellc. 
As  explained  above,  the  initial  mutation,  according  to  Greaves' 
model,  arises  in  fetal  life  as  a  consequence  of  the  high 
spontaneous  mutation  rate  and  proliferative  stress  which  are 
believed  necessary  for  the  development  of  immune  competence. 
Alternatively,  this  period  of  high  proliferation  (and  only 
limited  DNA-repair  capability)   could  be  a  time  of  increased 
susceptibility  to  environmental  mutagens  such  as  radiation.  The 
model  predicts  that  the  resultant  clone  of  transformed  B  cells 
will  lie  dormant  until  the  onset  of  the  immune  response,  when  the 
introduction  of  microorganisms  stimulates  a  second  period  of 
enhanced  proliferation  leading  to  a  second  mutation  in  the 
preexisting  transformed  clone. 

Kinlen,  who  also  espouses  the  idea  that  common  infections 
figure  in  leukemia  incidence,  has  attempted  to  explain  the 
specific  childhood  leiikemia  clusters  which  have  been  observed 
around  nuclear  plants  ih  Great  Britain  [Mathews,   1988]  by 
invoking  an  infectious  origin.     Kinlen 's  theory,  put  forth  in 
1988,  centers  around  the  isolation  of  the  nuclear  facilities  from 
population  centers. 
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Propagated  epidemics   (which  spread  by  person-to-person 
contact)   are  prevented  in  sparsely  populated  areas  by  the  low 
likelihood  that  an  affected  individual  will  come  into  contact 
with  a  susceptible  one  before  the  period  of  communicability 
lapses.     When  small  populations  are  increased  all  at  once  by  the 
influx  of  large  numbers  of  people  (as  ^hen  a  nuclear  power  plant 
newly  built  in  an  isolated  area  creates  job  opportunities) , 
epidemics  may  occur  through  the  introduction  of  new  viruses  and 
through  increased  probcibility  of  person-to-person  contact. 
Eventually,  herd  immunity  —  a  phenomenon  which  prevents 
epidemics  through  a  mechanism  similar  to  that  described  above  — 
takes  over . 

Kinlen  claims  that  the  towns  of  Thurso  in  Scotland  and 
Seascale  in  England,  where  leukemia  clusters  have  been  noted, 
have  in  common  not  only  a  nuclear  facility  but  also  a  history  of 
isolation  prior  to  the  building  of  a  plant  and  a  large  population 
increase  thereafter. 

The  hypothesis  that  this  history,   and  not  the  p>lant,  has 
caused  leukemia  via  a  viral  mechanism  requires  a  test  in  an  area 
with  a  similar  past  but  with  no  nuclear  facility  to  complicate 
matters, 

Kinlen  could  find  only  one  town  in  all  of  England  and  Wales 
with  suitable  characteristics,   and  his  calculations  of  leukemia 
mortality  ratios  revealed  significant  excesses  in  Glenrothes 
during  the  period  1951  -  1967.     Cartwright  et  al.    [1989]  found 
several  points  to  criticize  in  Kinlen's  paper,  including  his  use 
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of   (1)   questionable  estimates  of  the  sizes  of  historical 
populations,    (2)   a  comparison  town  which  may  not  have  been 
isolated,  and  (3)  mortality  rather  than  incidence  data.     The  most 
obvious  of  the  paper's  problems,  though,  is  the  failure  of  the 
author's  methods  to  find  any  evidence  of  significantly  elevated 
leukemia  mortality  in  Thurso   (the  high-leu]:emia  area  that 
Glenrothes  was  selected  to  match)   —  a  surprise  which  Kinlen 
doesn't  even  mention.     Wakeford  [1989],  however,  points  out  that 
the  sizes  of  the  two  populations  were  quite  different  during  the 
period  of  interest,  such  that,  if  confidence  intervals  had  been 
constructed  around  the  mortality  ratios,  the  data  from  the  two 
towns  would  have  been  compatible,   and  the  estimate  for  Thurso 
could  have  been  interpreted  as  consistent  with  a  large  leukemia 
excess.     In  papers  published  more  recently  by  Kinlen  and  his 
colleagues  [1991,  1993],  associations  were  described  between 
childhood  leukemia  and  commuting  distance,  the  proportion  of  the 
population  commuting  to  work,   and  other  indices  of  increased 
opportunity  for  making  new  social  contacts  (features  hypothesized 
apriori  by  Kinlen  to  have  a  similar  effect  on  herd  immunity  as 
the  creation  of  a  new  town)  . 

Interestingly,  the  Glenrothes  childhood  leukemia  excess  was 
limited  to  children  under  five  years  of  age  —  a  detail  that 
Kinlen  has  tried  to  incorporate  into  his  infectious-disease- 
etiology  hypothesis  by  suggesting  that  the  deficit  noted  at  older 
ages  reflects  an  immunizing  effect  of  limited  exposure  to  a 
specific  infectious  agent  or  agents.     Alexander  and  McKinney 
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[1990],   however,    reminded  Lancet  readers  of  other  data  indicating 
different  etiologies  for  leukemia  in  the  childhood  peak  and  at 
older  ages,  their  point  being  that  the  epidemiology  of  leukemia 
in  older  children  need  not  resemble  that  in  younger  children  for 
a  particular  explanation  of  the  latter  cases  to  be  valid.  In 
particular,  Alexander  [1992]  provided  strong  evidence  of  cne 
clustering  of  birth  addresses  of  children  diagnosed  with  leukemia 
between  the  ages  of  five  and  15  and  clustering  of  addresses 
occupied  closer  to  the  time  of  diagnosis  for  children  diagnosed 
at  earlier  ages  (It  should  be  noted,  here,  however,  that  Morris 
[1990]  found  the  opposite.).     The  author's  interpretation  of  the 
former  phenomenon  in  terms  of  an  infectious  etiology  rests  on  the 
length  of  time  between  clustering  and  diagnosis.     For  common, 
say,  pollutant  exposure  near  the  time  of  birth  to  be  the  cause  of 
the  older-diagnosed  cases,  Alexander  contends  that  an  unusually 
long  latent  period  must  be  assumed.     The  association  found  by 
Stewart  and  Kneale  [1970]  between  ijn  utero  X-r^iy  orpor.urc  and 
leukemia  at  ages  ten  to  15  should  be  kept  in  cin.i  here,  though, 
as  should  the  connection  between  adult  vaginal  cancer  and  i n 
utero  diethylstilbestrol  exposure  [Savitz  et  al.,   1990].     In  any 
case,  Alexander  considers  the  long-latency  assumption  an 
unnecessary  complication  for  an  infectious  etiology  if  persistent 
infection  is  set  up  close  to  the  time  of  birth,  allowing  the 
resultant  malignant  changes  to  occur  any  time  thereafter. 

Adding  to  the  attractiveness  of  Alexander  and  McKinney's 
ideas  is  the  fact  that  the  viruses  that  cause  leukemia  in  animals 
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do  " .    -    .  persist  in  the  host  and  induce  disease  many  months  or 
years  ,    .    .         after  infection   [Lancet  editors,  1990]. 
Furthermore,  Lancet  editors  [1990]  claim  that  age  at  infection  is 
an  important  determinant  of  persistence  in  both  feline  leukemia 
and  virally  mediated  human  liver  cancer. 

MacMahon  [1992b]   recently  reviewed  more  newly  published 
papers  authorized  by  Kinlen,  each  designed  to  test  his 
social-isolation-followed-by-population-  mixing  hypothesis  with 
the  risk  factor  variously  parameterized  in  descriptive-  level 
studies.    Results  were  positive  but  weak  for  New  Towns  other  than 
Glenrothes  [Kinlen,   1990]  ,  and  for  British  counties  where  high 
proportions  of  military  servicemen  had  been  stationed.  An 
association  was  also  found  between  childhood  leukemia  incidence 
and  extent  of  commuting  increase  [Kinlen  et.al.,  1991].     The  fact 
that  this  latter  phenomenon  would  bring  together  previously 
isolated  adults,  not  children,  was  taken  as  supportive  of  the 
hypothesis  that  contacts  between  adults  may  influence  the 
incidence  of  leukemia  in  children.     Most  recently,  Kinlen  et  al. 
[1993a]  have  considered  the  incidence  of  childhood  leukemia  and 
non-Hodgkin ' s  lymphoma  in  areas  of  Scotland  with  various 
proportions  of  the  working  population  employed  by  the  oil 
industry.     The  theory  was  that,   inasmuch  as  oil  terminals 
represent  extreme  examples  of  sites  where  mixing  has  occurred 
among  men  culled  from  widely  separated  rural  and  urban  locations, 
any  effect  of  mixing  of  adults  on  childhood  leukemia  should  be 
demonstrable  in  the  rural  towns  from  which  the  oil  workers  were 
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hired.     Interestingly,   where  associations  were  found   (only  for 
brief  periods  in  the  early  post-mixing  period  and  only  in  areas 
with  a  high  proportion  of  workers  employed  in  the  oil  industry)  , 
the  fathers  of  the  leukemic  children  were  almost  never  employed 
in  the  oil  industry,  a  finding  that  would  argue  against  any 
effect  of  the  occupation,   itself,  on  the  fathers  that  is  later 
manifested  in  their  children  (the  mechanism  that  has  been  invoked 
to  explain  the  tendency  of  fathers  of  leukemic  children  living 
near  the  Sellafield  nuclear-fuel  reprocessing  plant  to  have  been 
employed  in  the  nuclear  industry  and  monitored  for  radiation 
[Gardner  et  al- ,   1990]),     Although  MacMahon  found  several 
inconsistencies  in  the  data  to  comment  on,  he  noted  that  the 
hypothesis  was  becoming  more  focused  as  a  result  of  the  several 
studies.     What  is  impressive  is  the  merging,  recently,  of  the 
hypotheses  of  the  different  research  teams  headed  by  Kinlen, 
Greaves,  Alexander,   and  Knox.     While  Greaves  and  Alexander 
initially  considered  the  timing  of  virus  introduction,  in 
general,  to  be  the  key  factor,  newly  amassed  evidence  cf 
clustering  is  shifting  their  thinking  towards  Kinlen's  idea  that 
some  childhood-leukemia  cases  represent  unusual  responses  to  a 
specific  virus.     Furthermore,  all  the  researchers  now  seem  to 
espouse  the  notion  that  the  geographical  clustering  of  some 
diagnoses  may  result  from  reinfection,  and  Kinlen  now  seems  to 
share  Alexander's  view  that  leukemia  in  older  children  may  arise 
from  a  double  dose  of  virus,   the  first  introduced  before  or 
shortly  after  birth,  when  it  establishes  a  persistent  infection, 
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and  the  second  introduced  close  to  the  time  of  leukemia 
diagnosis.     Also  generally  palatable  now  is  the  notion  that 
delayed  introduction  to  infectious  agents  or  to  a  specific  virus 
may  mediate  rare  sequelae. 

While  it  is  challenging  to  arrive  at  a  theoretical  framework 
that  can  completely  account  for  the  epidemioloNjy ,  the  following 
represents  this  author's  attempt  to  find  a  model  that  best  fits 
all  of  the  data:     Suppose  that  viruses,  and  possibly  a  single 
virus,  play  a  role  in  both  B  cell  and  T  cell  childhood  ALL. 
Suppose  further  that  the  virus  operates  somewhat  differently  in 
the  two  forms. 

In  the  T  cell  subtype  (affecting  older  children) ,  the  virus 
might  actually  cause  leukemia  by  setting  up  a  persistent 
infection  around  the  time  of  birth  such  that  reinfection  with  the 
same  virus  near  the  time  of  diagnosis  has  a  promoting  effect  on 
an  already  transformed  clone  of  cells:. 

In  children  who  will  develop  B  cell  ALL  in  the  childhood 
peak,  transformation  of  B  cells  would  have  occurred  by  chance 
during  the  prenatal  period  of  proliferative  stress  discussed  by 
Greaves.     To  accommodate  Knox  and  Oilman's  monozygotic  twin  data, 
the  mutation  must  occur  after  the  stage  in  fetal  life  at  which 
the  two  twins  separate.     Children  in  whom  cell  transformation  has 
occurred  may  or  may  not  develop  leukemia;  however,  the  . 
probability  might  be  increased  in  those  that  experience  delayed 
introduction  to  either  viruses  in  general  or  a  specific  virus. 
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Such  a  delay  could  be  effected  through  any  or  all  of  the  means 
suggested  by  Greaves  and  Kinlen. 

A  striking  feature  of  the  epidemiology  of  childhood  leukemia 
is  the  cibsence  of  strong  evidence  of  affected  children  directly 
infecting  each  other.  Of  note,  here,  is  Knox  and  Oilman's 
[1992a]  failure  to  demonstrate  twin  concordance.  Most  studies, 
however,  would  not  have  been  capable  of  elucidating  the  pattern 
described  by  Alexander  (i.e.,  younger  cases  clustered  around  cin 
older  one) .  •  ,  . 

In  attempting  to  make  sense  of  the  many  theories  and  studies 
related  to  a  hypothesized  infectious  etiology  for  childhood 
leukemia,  it. is  good  to  keep  in  mind  MacMahon's  reminder  that,  in 
the  search  for  a  cause  of  testicular  cancer,  the  epidemiology  of 
which  shares  some  features  with  that  of  ALL,  researchers  have 
been  "...  more  inclined  to  think  of  explanations  in  terms  of 
hormones  than  viruses  .    .    .  The  fact  is  that  the  focus,  on  the 

infectious-etiology  hypothesis  has  done  more  to  elucidate  ALL's 
natural  history  and  to  emphasize  probable  etiologic  differences 
among  the  various  forms  than  it  has  to  demonstrate  the  theory's 
validity.     No  data  have  eliminated  the  possibility  that  the 
initial  transformation  that  seems  to  happen  during  fetal  life  in 
those  children  diagnosed  during  the  childhood-peak  years  might 
sometimes  be  caused  by  a  carcinogenic  exposure. 
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Genetic  Predisposition 

Farailial  aggregation  of  leukemia  —  a  phenomenon  which  could 
result  from  inheritance  or  from  a  shared  environment  —  is  known 
[Linet,   1985;  Heath,   1982;  Sandler  and  Collman,  1987]  —  usually 
with  a  single  cell  type  occurring  in  all  affected  family  members. 
Investigators  have  generally  failed,  however,  to  find  blood-cell 
or  other  markers  that  typify  affected  members  of  leukemia-prone 
families  [Linet,  1985].     Heath  [1982]  reports  that  numerous 
surveys  have  considered  the  question  of  familiarity  without 
consistent  evidence  of  more  than  faintly  increased  risk  to  close 
relatives  of  leukemics.     This  author  maintains  that  familial 
aggregation,   if  it  does  exist,   seems  to  involve  mainly  CLL,  which 
does  not  occur  in  childhood. 

The  concordance  of  twins  with  respect  to  leukemia  incidence 
is  of  interest  to  some  in  the  determination  of  the  role  of 
genetics  in  etiology.     Identical,  or  monozygotic  (MZ)  ,  twins  come 
from  a  single  fertilized  egg;  the  two  fetuses  thus  have  the  same 
genetic  make-up-     This  would  not  be  true  for  fraternal,  or 
dizygous  (DZ) ,  twins. 

Twins  have  been  used  in  the  past  to  shed  light  on 
nature-versus- 

nurture  issues.     For  example,   if  identical  twins  reared  apart 
both  develop  a  psychosis,  then  the  conclusion  of  a  genetic  basis 
is  supported.     A  complicating  factor  for  leukemia,  however,  is 
the  known  tendency  for  in  utero  exposure  to  at  least  X-rays  to 
cause  childhood  leukemia  [Heath,   1982;  Sandler  and  Collman,  1987; 
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Greaves  and  Chan,   1986;  Sztanyik,    1978].     Consequently,   both  MZ 
and  DZ  twins  should  show  greater  concordance  than  other  sibships, 
even  if  inherited  defects  are  unimportant.     Assuming  that  MZ 
twins  do  show  higher  levels  of  concordance  for  leukemia  than  do 
DZ  twins,  the  explanation  could  lie  in  the  twins'  shared 
circulatory  systems  rather  than  their  ideni-xcal  genes  (i.e.,  some 
members  of  a  clone  of  leukemic  cells  produced  or  arising 
spontaneously  in  one  fetus  could  take  up  residence  in  the  other) , 
and  this  seems  to  be  the  prevailing  interpretation  of  the 
phenomenon  [Heath,  1982;  Sandler  and  Collman,  1987;  Greaves  and 
Chan,  1986].     The  studies  of  childhood  leukemia  clustering 
recently  completed  by  Knox  and  Gilman  did  not  support  the 
hypothesis  that  MZ  twins  tend  to  be  concordant  for  leukemia. 

Features  of  leukemia  epidemiology  which  do  tend  to  foster 
the  notion  that  either  the  disease  itself  or  a  predisposition  to 
it  can  be  inherited  include  its  status  as  one  of  a  very  few 
cancers  that  occurs  in  childhood,   and  particularly  in  early 
childhood.,  and  observed  associations  between  certain  hereditary, 
or  at  least  congenital,   abnormalities  and  increased  incidence  of 
leukemia.     It  is  undoubtedly  significant  that  (1)   all  such 
syndromes  involve  abnormal  numbers  of  chromosomes  (e.g.,  Down's 
syndrome,  Kleinfelter's  syndrom.e)   or  greater-than-normal 
fragility  of  chromosomes  (e.g. ,   Bloom's  syndrome,  Fanconi's 
anemia)    [Greenwald  and  Greenwald,   1983;  Heath,   1982,  Sandler  and 
Collman,   1987;  Linet,   1985;  Page  and  Asire,   1985],    (2)  broken  or 
visibly  abnormal  chromosomes  are  characteristic  of  the  leukemic 
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state   [Heath,   1982;  Linet,    1985;   Sandler  and  Collman,  1987; 
Miller  et  al-,   1986],    (3)   known  leukemogenic  agents  such  as 
ionizing  radiation  and  benzene  cause  chromosomes  to  break  and/or 
combine  with  one  another  in  unusual  ways  [Littlefield  et  al,, 
1980;  Upton,  1982;  Littlefield  and  Joiner,  1978],  and  (4)  genetic 
mutation  has  long  been  hypothesized  to  constitute  one  or  even  the 
only  mechanism  of  carcinogenesis.     Sandler  and  Collman  [1987]  add 
that  there  is  strong  concordance  between  the  break-points 
observed  for  chromosome  translocations  and  deletions  in  leukemia 
and  the  location  of  oncogenes.     Nevertheless,  it  is  important  to 
recognize  that  the  inherited  and/or  congenital  syndromes 
mentioned  cibove  make  a  very  small  contribution  to  the  total 
incidence  of  leukemia  [Greaves  and  Chan,   1986;  Lancet  editors, 
1S90],     In  a  recently  pxiblished  paper,   for  example,  Narod  et  al. 
[1991]  found  that,  although  the  frequency  of  genetic  conditions 
(principally  Down  Syndrome)   in  childhood  leukemia  victims  was 
about  twenty  times  as  high  as  in  the  general  poj  u  1  jt.  i on ,  a 
hereditary  basis  was  demonstrated  in  only  2.6V  cl  c.m.os  reported 
to  Great  Britain's  National  Registry  of  Childhood  IMnours. 

Another  hereditary  feature  which  has  been  studied  in 
leukemics  is  the  HLA  or  human  antigen  system.     As  noted  in  a 
previous  section,  the  white  blood  cells,  which  are  defective  in 
leukemia,  are  responsible  for  immunity.     The  immune  response  by 
which  organisms  differentiate  self  from  nonself  and  launch 
reactions  against  foreign  invaders  is  mediated  through 
glycoproteins  (antigens)  .on  the  surfaces  of  white  blood  cells 
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[Eisen,    1980],     The  genes  for  these  molecules  are  located  in  a 
tightly  linked  complex  on  chromosome  6   [Linet,    1985]-  The 
specific  array  of  antigens  present  in  leukemia  patients  is  of 
interest,  because  a  difference  from  the  general  population  might 
indicate  increased  susceptibility  to  leukemogenic  agents  mediated 
through  the  presence  or  cibsence  of  a  particular  antigenic 
species.     Linet  [1985]  suggests  other  possible  mechanisms 
including  (1)  a  direct  carcinogenic  effect  of  the  gene  for  an 
elevated  antigen,    (2)  an  interaction  between  the  gene  or  antigen 
and  other  genes  or  gene  products,  and  (3)  linkage  with  oncogenes 
such  that  the  HLA  component  is  simply  a  marker  for  susceptibility 
to  leukemia - 

Linet  [1985]  reports  on  a  number  of  small   (average  =  50 
cases)  case-control  studies  which,  in  combination,  are  difficult 
to  interpret  —  the  only  consistent  result  being  the  suggestion 
of  a  protective  effect  conferred  by  a  particular  antigen  (A9)  for 
ALL. 

Two  investigators  who  compared  CLL  patients  to  controls, 
however,   found  this  same  antigen  to  be  increased  in  cases. 

In  a  large  study  including  1,834  cases  consisting  of  ALL, 
AML,  and  CML  patients  completed  in  1987,  Bortin  et  al.  found 
highly  significant  associations  between  all  types  of  leukemia 
studied  and  the  levels  of  particular  HLA  antigens  (Cw3  and  Cw4) . 
The  freguency  of  Awl9  was  significantly  decreased  in  AML  and  CML. 
These  were  the  only  antigens  among  32  considered  which  were 
significantly  related  to  leukemia.     Strengths  of  this 
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investigation  include  its  large  size  and  adjustment  for  multiple 
significance  tests,   but  the  subjects  were  highly  selected  (having 
undergone  bone  marrow  transplants) ,  prevalent  cases  who  had 
received  chemotherapy.     Although  the  authors  interpret  the  data 
as  indicative  of  the  existence  of  leukemia-susceptibility  genes, 
it  is  possible  that  the  genes  are  related  more  to  the  a±)ility  to 
survive  the  disease  than  contract  it. 

Chemicals 

Although  a  number  of  investigations  have  2. inked  benzene 
exposure  to  leukemia  occurrence   (see  Linet  [1985]  and  Austin  et 
al.    [1988]),  these  have  mainly  been  studies  of  the  association 
between  adult  leukemia  occurrence  and  previous  occupational 
exposure.     Considerable  attention  has  a] so  been  given,  however, 
to  tlie  possible  relationship  between  childhood  leukemia 
occurrence  and  parental  occupational  exposures.     Although  a 
better  case  could  perhaps  be  made  for  a  link  between  maternal 
exposures   (especially  during  pregnancy)   and  childhood  cancer, 
most  studies  of  this  subject  have  concerned  paternal  exposures  — 
probably  because  of  the  historical  predominance  of  men  in  the 
workforce,  and  particularly  in  those  jobs  in  which  chemical 
exposure  would  be  likely,     Savitz  and  Chen  [1990]  have  noted 
that,   for  father's  occupation  to  be  causally  linked  to  childhood 
cancer,  either  the  child  would  have  to  be  exposed  directly  to 
chemicals  brought  into  the  home,  or  the  chemicals  would  have  to 
alter  the  father's  germ  cells . 
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In  1990,   Savitz  and  Chen  found  24  relevant  studies  to 
review.     All  had  case-control  designs,   and  most  relied  on  job 
titles  recorded  on  birth  certificates  or  reported  at  interview 
for  exposure  assessment.     Many  job  titles  were  found  to  be 
associated  with  childhood  cancer  occurrence,  but  there  were 
inconsistencies  in  the  data,  which  Savitz  and  Chen  thought  might 
have  derived  from  inconsistency  of  design  (e.g.,  some  studies 
concentrated  on  particular  cancer  types,  subtypes,  or  age  groups, 
while  others  considered  childhood  cancer  or  childhood  leukemia  in 
the  aggregate) . 

The  reviewers  seemed  to  be  of  the  opinion  that,  because  of 
weaknesses  in  the  study  designs,  particularly  with  respect  to 
exposure  assessment,   the  research  thus  far  completed  was  useful 
mainly  as  a  screening  mechanism  — ;  to  focus  future  investigations 
on  potentially  fruitful  avenues  of  research.     Savitz  and  Chen 
recommended  that  further  attention  be  paid  to  paternal  paint 
exposure  and  paternal  hydrocarbon  exposure  because  of  the 
relatively  strong  and  reproducible  associations  found  between 
jobs  that  would  afford  these  exposures  and  childhood  leukemia. 

From  his  review,  Doll  [1989]  identified  chemotherapy  (used 
to  treat  cancer  and  to  facilitate  organ  transplantation)  as  the 
only  other  established  chemical  risk  factor  for  childhood  cancer. 
He  added,  however,  that,  because  such  treatment  causes  only  AML, 
its  contribution  to  the  total  number  of  childhood  leukemias  is 
"trivial . " 
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Tobacco 

Little  attention  has  been  paid  to  the  possible  connection 
between  tobacco  use  and  even  adult  leukemia  occurrence.     From  a 
review  of  the  relevant  research,  Linet  [1985],  citing  relative 
risks  in  the  range  of  1.5  from  several  large  prospective  studies, 
concluded  that  there  is  no  evidence  of  a  strong  association 
between  the  leukemias  and  tobacco  use.     Austin  and  Cole  [1986], 
who  have  also  reviewed  the  data,  stated  that  the  Surgeon 
General's  report  of  1982  failed. to  list  leukemia  as  a 
tobacco-related  cancer  because  studies  have  not  revealed  that  the 
risk  of  leukemia  increases  with  increasing  amount  smoked 
(dose-response  relationship)   —  a  trend  which  is  generally  sought 
as  evidence  of  a  causal,  as  opposed  to  indirect,  association. 

Another  obstacle  to  acceptance  of  smoking  as  a  leukeiaogenic 
exposure  is  the  failure  of  studies  to  find  a  statistically 
significant  difference  in  risk  between  smokers  and  nonsmokers  — 
leaving  open  the  possibility  that  the  association  might  be  due  to 
chance.     As  Wald  [1988]  has  pointed  out,  though,   few  studies  have 
been  large  enough  to  detect  even  a  100%  increase  in  leukemia 
risk. 

Results  of  three  case-control  studies  (see  Austin  and  Cole, 
[1986];   [Severson,  1987])   indicate  that  the  myelocytic-leukemia 
risk  of  smokers  may  be  slightly  increased  over  that  of 
nonsmokers.     Each  study  tested  many  etiologic  hypotheses, 
however,  and  each  either  lacked  strong  evidence  of  a  link  (e.g., 
no  dose-response  trend)   or  suffered  from  a  potentially  serious 
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threat  to  validity  such  as  small  study  size  or  low  subject 
response . 

In  a  case-control  study  [Schwartzbaum  et  al . ,   1991]  of 
childhood  cancer  in  which  victims  of  Rhabdosarcoma  were  used  as 
controls  for  leukemia  victims,  maternal  smoking  at  any  time 
during  pregnancy  (as  determined  via  maternal  interview)  was 
positively  (O.R.  =  1.5)  but  not  statistically  significantly 
related  to  ANLL  risk  in  an  analysis  in  which  several  potentially 
confounding  factors  were  controlled.     The  odds  ratio  relating  ALL 
risk  to  case-control  status  was  0.7.     These  results  are  difficult 
to  evaluate  considering  (1)  the  low  participation  rate  (65.8 
percent  for  all  childhood  cancer  types  combined) ,    (2)  the 
potential  for  smoking  mothers  to  have  described  themselves  as 
nonsmokers,   and  (3)   the  use  of  victims  of  another  childhood 
cancer  as  controls.     The  similarity  between  Schwartzbaum  et  al.'s 
findings  and  those  of  investigations  of  the  link  botwcon  adult 
leukemia  and  smoking  (i.e.,  the  magnitude  of  Uk   cvJJr.  ratio  and 
the  restriction  of  the  association  to  ANLL  cast  :  )    i:.  nctt  worthy, 
however. 

60  Hz  Electromagnetic  Fields 

60  Hz  EMF  is  generated  by  appliances  which  use  electricity 
and  by  all  electrical  power  lines.     Common  outside  sources  of  60 
Hz  EMF  are  large  electrical  distribution  lines  also  known  as  high 
tension  lines  which  are  often  seen  suspended  from  large  metal  or 
wooden  towers.     Other  outside  sources  are  the  power  distribution 
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lines  visible  on  utility  poles  which  are  seen  on  city  streets  and 

in  most  neighborhoods. 

Household  sources  of  60  Hz  EMF  include  kitchen  appliances, 
radios,  televisions,  electric  blankets,  hair  driers,  etc.  Less 
obvious  in-home  sources  include  electrical  v/iring,  fuse  and 
circuit  breaker  boxes  and  areas  in  the  home  near  the  electrical 
service  drop,  the  power  line  which  connects  the  home  to  the 
utility  pole. 

In  the  work  environment  significant  levels  of  60  Hz  EMF  can 
be  measured  near  electronically  operated  machinery,  particularly 
the  types  often  used  in  high  technology  industries  which 
manufacture  electrical  circuitry.     Video  display  terminals  are 
also  a  common  source  of  60  Kz  EMF  at  work  and  increasingly  in  the 
home • environment  as  well. 

High  tension  or  transmission  lines  are  designed  to  carry 
large  cimounts  of  electricity  over  large  distances.     Before  power 
from  these  lines  can  be  delivered  to  homes  and  industries  the 
voltage  must  be  stepped  down  to  levels  suitable  for  home  • 
distribution.     This  is  accomplished  at  local  electrical 
substations  which  modify  the  current  and  send  it  along  the  large 
primary  distribution  lines  commonly  seen  on  neighborhood  utility 
poles. 

As  distribution  lines  travel  along  a  utility  network, 
cuirrent  is  taken  from  the  primary  distribution  line  at  certain 
intervals  and  passed  through  the  familiar  canister  shaped 
transformers  commonly  seen  mounted  near  the  top  of  utility  poles. 
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These  transformers  modify  the  energy  flow  once  more  to  a  form 
suitable  for  distribution  to  secondary  power  lines  which  connect 
directly  to  residences  and  industrial  structures. 

In  order  to  determine  the  health  effects  of  exposure  to  60 
Hz  EMF  it  is  necessary  to  identify  the  levels  of  exposure  a 
subject  is  likely  to  encounter  in  their  environment.     Exposure  to 
60  Hz  EMF  in  a  home  can  be  determined  by  direct  measurement  of 
magnetic  fields  within  and  around  the  home  environment. 
Conducting  accurate  measurements  requires  significant  technical 
skill,  specialized  equipment,  and  open  access  to  the  residences 
in  question  making  this  procedure  both  inconvenient  and 
expensive. 

For  this  reason,  Wertheimer  and  Leeper  [1979]  developed  what 
they  consider  to  be  a  surrogate  indicator  for  the  prediction  of 
occupants'  exposure  to  60  Hz  EMF  which  requires  much  less  time  to 
conduct  and  is  less  invasive  to  the  home  resident.  They 
developed  a  coding  scheme  which  considers  the  pci>it.ionii  of  nearby 
power  lines  and  transformers  and  their  relativ*.  vJii^tancc  from  the 
home  and  categorizes  the  likely  levels  of  60  llz  EKF  in  tlic  home 
into  four  exposure  categories.     They  determined  that  their 
prediction  method  correlated  with  actual  magnetic  field 
measurements  taken  within  homes  which  had  been  coded  according  to 
their  method.     Measurements  of  the  electric  field  did  not 
correlate  with  their  coding  scheme. 

Scientists  had  suspected  that  the  magnetic  field  component 
plays  the  primary  role  in  health  effects  attributable  to  60  Hz 
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EMF.     Electric  fields  can  be  easily  blocked  by  solid  objects  and 
as  a  result  human  exposure  to  them  is  usually  limited.  Magnetic 
fields  can  penetrate  solid  objects  quite  readily-  Persons 
proximal  to  active  power  supply  hardware  would  not  be  shielded 
from  the  presence  of  magnetic  fields  by  walls  or  other  solid 
objects.     Electric  fields  on  the  other  hand  are  dramatically 
weakened  by  shielding.     With  regard  to  60  Hz  EMF  then^ 
predominant  exposure  would  result  from  magnetic  rather  than 
electric  fields. 

In  their  study,  Wertheimer  and  Leeper  classified  344  cancer 
cases  and  their  controls  as  having  resided  in  one  of  four 
categories  of  magnetic  field  exposure  during  the  etiologic  period 
or  the  time  period  the  illness  was  likely  to  be  developing  prior 
to  its  diagnosis  (EPA  3-4)  .     Their  results  indicated  that  among 
cases,  a  significantly  greater  proportion  of  persons  lived  in 
homes  determined  to  have  wire  patterns  depicting  higher  magnetic 
field  exposure  or  high  current  configuration   (HCC)   than  those 
coded  as  likely  to  have  lower  exposure  or  low  current 
configuration  (LCC)  .     This  effect  was  stronger  for  cases  and 
controls  who  resided  at  the  same  address  for  the  entire  study 
period. 

In  order  to  address  the  fact  that  some  subjects  had  changed 
address  during  the  etiologic  period,  Wertheimer  and  Leeper 
assessed  persons  who  had  moved  by  considering  their  birth 
residence  and  death  residence  separately  in  relation  to  the 
control  population-     For  subjects  with  the  same  birth  and  death 
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address,   44%  of  the  cases  had  lived  in  a  home  considered  HCC  as 
compared  to  20.3%  of  corresponding  controls.     For  subjects  who 
had  moved,   32.5%  of  the  cases  had  lived  in  an  HCC  home  at  the 
time  of  their  birth  vs.  20.1%  of  controls  and  37%  of  the  cases 
had  lived  in  an  HCC  home  just  prior  to  their  death  vs.   24.0%  of 
controls.     These  differences  are  statistically  significant   (p  < 
.05)  with  those  who  had  only  one  residence  showing  the  most 
significance. 

Odds  ratios  were  not  calculated  by  Wertheimer  and  Leeper  but 
subsequent  calculations  indicate  that  for  subjects  with  a  single 
address  the  odds  ratio  was  3.09   (1.68,   5.71).     For  those  who 
moved  and  only  the  birth  residence  was  considered,  the  odds  ratio 
was  1.91   (1.09,   3.34).     For  those  who  moved  and  only  their  death 
residence  was  considered,  the  odds  ratio  was  1.86  (1.19,  2.91). 
Urban-suburban  differences,   socioeconomic  class,  family  cancer 
history,  and  gender  were  considered  in  the  analysis  but  did  not 
affect  significance. 

Criticisms  focused  on  speculation  that  larger  power  lines 
were  most  likely  to  be  found  on  larger  streets  their  wire  codes 
could  thus  be  surrogate  measures  for  environmental  exposures 
resulting  from  elevated  automobile  emissions.     Wertheimer  and 
Leeper 's  subsequent  analyses  found  that  although  cases  tended  to 
live  closer  to  high  traffic  routes,  controlling  for  traffic 
patterns  did  not  affect  significance. 

Wertheimer  and  Leeper  were  also  criticized  for  not  blinding 
their  researchers  to  the  disease  status  of  residents  of  homes 
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ti^iey  were  coding-     To  address  this  concern,   a  blinded  study  was 
conducted  among  a  subgroup  of  persons  within  the  original  study's 
geographic  area.     Agreement  between  blinded  and  unblinded 
researchers  regarding  wire  codes  in  the  supplemental  work  was 
over  90  percent. 

In  1980  Fulton  et  al.  attempted  to  re-create  Wertheimer  & 
Leeper's  work  with  119  leukemia  cases  diagnosed  at  a  Rhode  Island 
hospital  and  238  controls.     This  population  yielded  198  case  and 
225  control  addresses  which  were  measured  for  exposure  to  60  Hz 
EMF. 

Control  address  exposure  values  were  compared  to  those  of 
cases  for  all  cancers  and  by  specific  type,  by  stable  address,  by 
age  at  onset  of  disease,  and  by  socioeconomic  status.  Although 
no  overall  trends  were  identified,  the  largest  differences 
between  cases  and  controls  were  seen  in  the  stable  residence 
population.     Frequency  distributions  were  nearly  equal  for  all 
categories  and  comparisons  of  cases  and  controls. 

Fulton  attempted  to  calculate  a  summary  exposure  value  for 
study  subject  residences  using  an  exposure  assessment  technique 
which  differed  from  Wertheimer  and  Leeper's  coding  scheme.  He 
identified  the  different  types  of  power  lines  feeding  each  home 
and  assigned  exposure  weights  to  the  different  wire  types  based 
on  field  strength  values  identified  in  Wertheimer  and  Leeper's 
work.     He  then  combined  this  information  with  data  regarding  the 
distance  the  wires  were  from  the  home  to  develop  a  summary 
exposure  value. 

37 


In  addition  to  differences  in  exposure  assessment  methods, 
Fulton  did  not  obtain  complete  residential  histories  for  the 
control  population  using  only  birth  residences  information  in  his 
analysis.     As  a  result  of  these  methodological  differences,  it  is 
difficult  to  directly  compare  Fulton's  study  outcomes  to  those  of 
Wertheimer  and  Leeper. 

Tomenius  et  al.    (1982)  utilized  historical  data  from  the 
Swedish  Cancer  Registry  in  an  attempt  to  reproduce  Wertheimer  and 
Leeper's  work.     They  identified .660  malignant  and  56  benign  tumor 
diagnoses  reported  to  the  registry  between  1958-1973  as  their 
case  population.     Controls  were  matched  on  age,  sex,  and  church 
district  of  birth  and  were  selected  from  parish  birth 
registration  records - 

60  Hz  EMF  exposure  values  were  estimated  utilizing  methods 
similar  to  those  of  Fulton  (1980) .     Magnetic  field  measurements 
were  taken  at  entrances  to  single  family  homes  and  outside  doors 
to  apartment  houses-     His  analysis  considered  an  assessment  of 
the  effects  of  proximity  to  a  variety  of  electrical  constructs 
including  electric  railroads,   substations,  transformers,  and 
subways . 

There  was  a  significant  excess  risk  of  cancer  in  case 
dwellings  within  150  meters  of  200  Kv  wires,  O.R.  =     2.1   (p  < 
-05),  and  a  significant  excess  risk  of  cancer  in  dwellings  near 
electrical  constructs  when  all  types  of  constructs  were 
considered  together,  O.R.  =1.3   (p  <  .05).     The  distributions 
were  also  stratified  by  residential  distance  from  electrical 
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structures  but  the  risk  tended  to  increase  with  increasing 
distance  from  the  structures,   a  result  opposite  to  what  might  be 
anticipated.     This  stratification  resulted  in  small  numbers  for 
some  strata  and  thus  unstable  statistics  for  this  portion  of  the 
analysis. 

Results  further  suggested  that  the  excess  risk  of  residing 
near  200  Kv  lines  was  seen  when  data  from  both  birth  and 
diagnosis  dwellings  was  examined.     Analyses  further  indicated 
that  for  persons  who  always  lived  at  the  same  dwelling,  and  lived 
in  close  proximity  to  200  Kv  lines,  the  odds  ratio  .was  3.97 
(1.94,8.24)   suggesting  that  when  length  of  residence  increased  in 
the  vicinity  of  2  00  Kv  high  tension  lines  the  risk  ratio  tended 
to  sharpen  and  increase. 

Tomenius  also  found  that  a  relationship  between  measured 
magnetic  fields  and  illness  persisted  regardless  of  whether 
electrical  constructions  existed  near  the  home.     This  means  that 
electrical  constructions  near  a  home  were  probably  not 
contributing  to  magnetic  field  levels  and  would  thus  not  be  a 
good  surrogate  indicator  of  magnetic  field  strength. 

Savitz  et  al. (1988)  conducted  a  case-control  study  of 
childhood  cancer  and  60  Hz  EMF  in  the  Denver,  Colorado  area.  His 
study  population  consisted  of  all  cases  of  cancer  among  children 
aged  14  years  or  younger  residing  in  the  Denver  area  and 
diagnosed  between  1976  and  1983.     Controls  were  selected  by 
random  digit  dialing  and  matched  on  age,  sex,  and  telephone 
exchange  area.     Controls  were  restricted  to  children  who  lived  at 
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their  residence  at  the  time  of  diagnosis  of  the  matched  case. 

Savitz  collected  information  at  interview  from  study  subject 
parents  regarding  potential  risk  factors  for  childhood  cancer. 
He  collected  extensive  electric  and  magnetic  field  measurements 
at  residences  occupied  by  study  subjects  prior  to  case  diagnosis. 
Field  strengths  were  measured  near  the  front  door,   in  the  child's 
bedroom,  in  the  parents'  bedroom,  and  any  room  reported  occupied 
by  the  child  one  or  more  hours  per  day.     Measurements  were  made 
both  under  low  power  (minimal  power  use  in  the  home)  and  high 
power  (lights  and  appliances  in  use)  circumstances.     He  used  the 
arithmetic  mean  of  field  measurement  values  as  exposure  levels 
for  analysis - 

Savitz  also  observed  wiring  configurations  outside  homes  and 
used  methods  based  on  those  developed  by  Wertheimer  and  Leeper  to 
establish  wiring  codes  for  each  of  the  study  subject  residences. 
Thirty  six  percent  of  case  residences  were  measured  for  field 
values  while  75%  of  the  control  residences  were  examined.  Wire 
codes  were  generated  for  about  90%  of  both  case  and  control 
residences  however. 

Magnetic  field  measurements  were  divided  into  four  exposure 
categories.     The  risk  of  all  cancers  when  low  power  field  values 
were  considered  was  slightly  elevated  to  a  non-statistically 
significant  degree.     Odds  ratios  showed  a  positive  trend  across 
categories  ranging  from  1.28    (0.67,2.42)   to  1.49   (0.62,3.60)  for 
persons  residing  in  lowest  to  highest  magnetic  field  strength 
homes  respectively.     Under  high  power  conditions  the  risk  of 
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cancer  from  magnetic  fields  was  weak  and  did  not  demonstrate  a 
consistent  trend  with  odds  ratios  close  to  unity-     Under  all 
circumstances,  when  electric  field  strengths  were  considered  no 
increased  risk  of  cancer  was  identified. 

Magnetic  field  exposure  values  were  dichotomized  into  two 
categories, 

>  2-0  Mg  and  <  2.0  Kg,  and  the  data  was  examined  for  more 
specific  cancer  type.     Nonsignif icantly  elevated  risks  were 
observed  for  leukemia,  lymphoma,  brain,  and  soft  tissue  cancers 
under  low  power  conditions.     The  highest  odds  ratio,  3.26, 
(0.88,12.07)  was  seen  for  soft  tissue  sarcomas  and  magnetic 
fields  and  for  lymphoma,  2.17,(0.46,10.31). 

High  power  analyses  demonstrated  somewhat  reduced  risks  in 
most  cases.     For  leukemia,  an  elevated  odds  ratio  of 
1.93,(0.67,5.56)   for  >  2  mG  magnetic  fields  at  high  power  was 
identified.     An  odds  ratio  of  0.75,(0.29,1.91)  was  seen  for 
electric  fields  at  high  power. 

It  might  have  been  expected  that  high  power  cnrvi 1 1 1 oni:;  would 
have  produced  higher  risk  estimates  for  magnetic  field  levels. 
It  is  likely  however  that  high  power  circumstances  reflect  the 
most  transient  magnetic  fields  and  the  most  varied  exposures. 
Circumstances  of  low  power  exposure  would  likely  represent  a  more 
stable  exposure  level  most  significant  to  disease  etiology.  This 
effect  could  also  be  the  result  of  a  poor  response  rate  among 
cases,   36%  of  case  residences  were  measured  for  electric  and 
magnetic  fields,   74.5%  of  residences  of  corresponding  controls 
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were  measured,   thus  a  poor  estimate  of  typical  magnetic  field 
strengths  in  case  homes. 

The  fundamental'  conclusion  from  Savitz's  field  measurement 
work  was  that  a  modest  increase  in  risk  occurs  for  some  cancers 
in  homes  where  low  power  magnetic  fields  were  greater  than  or 
equal  to  2mG.     These  relationships  went  largely  unchanged  when 
estimates  were  adjusted  for  potential  confounders.     Adjusted  odds 
ratios  for  leukemias  varied  from  1.8  to  2.4  while  the  unadjusted 
value  was  1.9. 

When  Savitz  excimined  wire  codes  of  subject  residences  his 
results  indicated  that  for  cancer  at  all  sites  the  highest  risk 
was  for  very  high  wire  code  homes,  the  non-significant  odds  ratio 
equalling  2.2.     For  homes  which  were  occupied  two  years  before 
diagnosis  the  statistically  significant  odds  ratio  v/as  5.22. 
Tests  for  trend  were  statistically  significant  providing  evidence 
of  a  dose-response  relationship. 

For  the  site-specific  cancers  which  he  examined  (leukemia, 
lymphoma,  brain,  soft  tissue,  and  other  cancers)   odds  ratios  when 
considering  a  dichotomous  wire  code  analysis  were  elevated  for 
each  cancer  site  except  lymphoma.     The  odds  ratio  for  brain 
cancer  was  the  highest  at  2.04,(1.11,3.76).     For  leukemia  the 
odds  ratio  was  1.28,(0.90.2.63).     When  only  the  most  extreme 
codes  were  compared  (lowest  current  configuration  to  highest) , 
for  leukemia  the  risk  was  2.75  and  for  brain  1.94.     There  were 
too  few  subjects  in  these  exposure  categories  to  consider 
statistical  significance.     Elevated  odds  ratios  were  also  found 
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when  wire  codes  for  the  residence  at  diagnosis  were  examined  for 
all  sites  combined.     Analysis  for  confounders  revealed  no 
significant  change  in  odds  ratios. 

Savitz  confirmed  a  positive  association  between  60  Hz  EMF 
exposure  as  represented  by  wire  codes  and  the  incidence  of 
leukemia,  lymphoma,  and  brain  cancer.     A  significant 
dose-response  relationship  existed  based  on  total  cancers  and 
wire  code  configurations  at  the  time  of  diagnosis  as  well  as  2 
years  before.     His  evidence  supports  the  use  of  wire 
configuration  codes  as  surrogates  for  magnetic  field  exposure 
measurements . 

If  wire  configurations  are  identified  as  valid  surrogate 
measures  for  60  Hz  EMF  exposure,   they  would  represent  a 
significantly  more  accurate  historical  record  of  the  electric  and 
magnetic  field  environment  of  the  home  than  field  measurements 
would  likely  be.     Wiring  configurations  in  most  neighborhoods  are 
likely  to  be  stable  over  time  while  home  electric  .Tnd  r.agnetic 
field  measurements  are  likely  to  be  in  a  conr.tnnt  rtato  of  flux. 

A  recent  work  addressing  60  Hz  EMF  and  cancer  was  conducted 
by  London  et  al.   (1991)  -     This  research  focused  specifically  on 
exposure  to  electric  and  magnetic  fields  and  the  risk  of 
childhood  leukemia.     The  authors  examined  the  relationship 
between  electric  and  magnetic  field  measurements  in  homes  and 
wiring  configurations,  self-reported  appliance  use,  and  the 
incidence  of  leukemia  among  children  from  birth  to  10  years  of 
age. 
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Data  used  in  London's  analysis  were  24  hour  measurements  of 
magnetic  fields  in  the  subject  child's  bedroom  obtained  for  164 
cases  and  144  controls,   spot  measurements  of  magnetic  and 
electric  fields  for  140  cases  and  144  controls,  and  wiring 
configuration  coding  values  for  219  cases  and  207  controls. 

Researchers  determined  that  they  would  gather  exposure  data 
for  the  residence  in  which  the  study  subjects  had  lived  for  the 
longest  period  of  time  during  the  "etiologic"  period.  The 
etiologic  period  was  defined  as  the  interval  between  the  last 
known  menstrual  period  preceding  the  birth  of  the  case  and  the 
date  of  the  case's  leukemia  diagnosis.     Forty  three  percent  of 
the  cases  and  34%  of  the  controls  had  lived  in  the  same  home  for 
the  entire  etiologic  period  and  were  included  in  the  study.  For 
more  than  half  the  study  subjects  the  measurements  covered  at 
least  fifty  percent  of  the  etiologic  period. 

Wiring  configuration  was  also  examined  and  used  as  a 
predictor  of  exposure  to  electric  and  magnetic  fields-     This  was 
done  for  residences  not  accessible  for  measurements  as  well  as 
those  that  were  measured  for  field  levels.     Field  technicians 
were  trained  according  to  the  system  of  Wertheimer  and  Leeper  as 
done  in  previous  studies. 

Technicians  conducted  residential  measurements  to  determine 
domestic  electric  and  magnetic  field  levels.     The  protocol 
attempted  to  address  the  effects  of  variation  of  field  strength 
by  time  of  day,  location  within  the  home,  and  power  use  patterns. 
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Measurements  were  taken  in  several  locations  within  the  home  and 
outdoors. 

The  researchers  found  that  in  general  the  field  exposures 
measured  in  the  homes  were  in  agreement  with  the  predicted  levels 
based  on  the  Wertheimer- 

Leeper  model.     Homes  predicted  to  be  in  lower  current  categories 
had  the  lowest  measured  values  and  vice  versa  for  magnetic 
fields.     Cross-category  trends  were  seen  for  magnetic  field 
measurement  parameters. 

The  leukemia  risk  was  evaluated  in  relation  to  wire  codes 
and  field  measurements.     Twenty-four  hour  magnetic  field 
measurements  shoved  no  consistent  trend  with  leukemia  although 
the  highest  field  level  demonstrated  the  highest  risk.  Spot 
measurements  of  low  power  magnetic  ^fields  were  not  correlated  to 
leukemia  risk.     The  same  pattern  was  seen  with  electric  fields. 

When  the  Wertheimer-Leeper  wire  codes  were  analyzed,  the 
lowest  level  above-ground  wire  code  was  combined  with  the  very 
low  underground  category  to  create  a  single  reference  group. 
There  was  a  significant  association  classification  and  leukemia 
risk  even  after  controlling  for  potential  confounders.  The 
association  was  slightly  stronger  when  the  analysis  was  limited 
to  the  residence  lived  in  the  longest  when  compared  to  an 
analysis  of  multiple  residences  for  subjects  when  moved. 

In  1993,  Feychting  and  Ahlbom  (1993]  released  the  results  of 
a  study  which  was  conducted  to  test  the  hypothesis  that  exposure 
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to  magnetic  fields  from  high  voltage  power  lines  increased  cancer 
incidence. 

The  study  was  a  nested  case-control  design  based  on  a  study 
population  of  cases  and  controls  who  lived  in  residences  within 
300  meters  from  any  of  the  220  and  4  00  ks  power  lines  in  Sweden 
between  1960  and  1985.     For  children,   all  types  of  cancers  were 
considered,   for  adults  the  study  was  limited  to  brain  cancer  and 
leukemia.     Cases  were  identified  through  the  Swedish  Cancer 
Registry  and  controls  were  matched  to  cases  based  on  time  of 
diagnosis,  age,  sex,  parish  of  residence  and  the  type  of  power 
line  they  lived  near. 

The  authors  utilized  three  different  exposure  variables. 
First,   spot  measurements  of  magnetic  fields  were  collected  in  the 
homes  where  the  study  subjects  lived  at  the  time  of  the  diagnosis 
of  the  case.     Four  five  minute  measurement  periods  were  used  in 
each  home  according  to  the  procedures  used  by  Savitz  ot  al., 
(1988). 

Second,  historical  field  information  was  c.i  1  cu  1 ted  lor  each 
of  the  high  tension  lines  using  a  computer  prograc  which 
considered  distance,  line  configuration,  and  historical 
information  regarding  line  loads.     Historical  load  data  that  were 
kept  by  power  station  managers-     Based  on  these  calculations  the 
exposure  metric  was  the  annual  average  calculated  magnetic  field 
generated  by  the  line.     The  calculations  considered  confirmations 
of  the  wires  on  the  towers,  load  on  the  line,  position  of  other 
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nearby  lines,   location  of  homes  relative  to  the  towers  and 
altitude  of  the  homes  and  lines - 

Third,   for  a  sample  of  the  subjects  a  personal  dosimeter  was 
used  to  obtain  24  hour  measurements.     This  sample  was  of  100 
subjects  always  including  one  child  and  one  adult  from  the  same 
family - 

Data  was  stratified  by  age,  sex,  and  year  of  diagnosis  as 
well  as  county  of  residence  and  type  of  dwelling.  Analyses 
controlled  for  socioeconomic  status  and  air  pollution  from 
traffic  patterns.    Analyses  of  magnetic  field  strengths 
considered  a  variety  of  category  cut  off  points  so  that 
conclusions  would  not  be  sensitive  to  random  decision  categorical 
effects. 

The  results  indicated  that  for  historical  magnetic  fields 
and  cancer  in  children,  the  relative  risk  for  leukemia  increased 
over  two  exposure  levels,  O.R.  =    2.7   (1.0,   6.3)   for  a  historical 
negative  field  value  of  0.2  microtelsa  (uT)  Vhich  is  the 
equivalent  of  2  mG.     The  test  for  trend  was  significant 
p  =  0.02).     When  the  exposure  category  was  redefined  with  3mG  as 
the  lowest  upper  bound  of  the  high  exposure  category  the  relative 
risk  increased  to  3.8   (1-4,   9.3).     The  test  for  trend  was  again 
significant  (p=0.005).     For  brain  tumors  among  children  and  for 
all  cancers  together  there  was  no  increased  risk  identified. 

The  analyses  for  spot  measurements  and  childhood  cancer 
indicated  that  there  was  no  excess  risk  for  total  cancer  or  for 
leukemia  while  there  was  an  elevated  but  borderline 
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nonsignificant  risk  for  brain  cancer  for  the  intermediate 
exposure  level   (i  to  2  mG)   O-R.  =  2.5   (0.9-6.6)  which  decreases 
at  exposure  over  2mG ,   O.R.   =  1-5   (0.4,  4.9). 

When  cancer  risk  was  analyzed  in  relation  to  residential 
distance  from  the  power  line  there  was  an  elevated  leukemia  risk 
for  those  living  closer  than  50  meters  from  the  line  compared  to 
those  living  more  than  100  meters  away,  O.R-  =  2-9   (1.0,  7.3) 

For  adults  certain  leukemias  showed  a  slight  nonsignificant 
elevation  in  risk  in  the  highest  magnetic  field  exposure  category 
R.R.  =  1.7   (0-7-3,8).     For  other  categories  or  exposure  levels 
there  were  no  noticeable  risk  elevations. 

The  type  of  exposure  assessment  performed  in  this  study 
assessed  magnetic  field  exposure  only  in  relation  to  transmission 
lines.     The  authors  suggest  that  a  model  could  be  developed  to 
estimate  magnetic  field  exposure  outside  the  home  relative  to 
sources  inside  the  home  as  well.     They  note  that  although  some 
magnetic  field  sources  are  ignored  in  the  expor.ur*-  ansonsnent, 
the  sane  sources  are  ignored  in  both  the  casor.  ^^^^^  controls  and 
should  not  give  rise  to  spurious  associationc  between  aagnetic 
fields  and  cancer,  rather  likely  dilute  associations. 

Ionizing  Radiation 

Leukemia  as  a  late  effect  of  radiation  exposure  has  been 
recognized  since  1944    (a  decade  after  Marie  Curie's  death  from 
radiation-induced  leukemia  f Lancet  editors,  1984]),  when  March 
reported  that  this  disease  was  nine  times  more  commonly  recorded 
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as  a  cause  of  death  among  radiologists  versus  other  physicians 
[Linos  et  al.,    1980;  Gee,    1987;   Linet,    1985;   Berry,  1987]. 
Today,  cancer  is  well  recognized  as  the  principal  health  hazard 
associated  with  exposure  to  small  doses  of  ionizing  radiation 
[Fry,    1981;  Rossi,    1980;  Rahn  et  al.    1984;  Upton,    1982;  Gofman, 
1979],  most  of  our  understanding  of  the  carcinogenic  effects 
having  been  gleaned  from  studies  of  survivors  of  the  atomic-bomb 
detonations  that  ended  World  War  II-     Although  the  A-bomb  studies 
have  shown  an  indisputable  link  between  high-dose  ionizing 
radiation  exposure  and  leukemia  [Mole,  1975],  data  analyses  have 
suggested  a  much  lower  cancer  rate  than  expected  among  cohort 
members  who  were  in  utero  at  the  time  of  the  bomb  (ATB) 
[Sztanyik,   1978;  Kato,   1978].     Although  Mole   [1975]  suggested 
that  the  apparent  insensitivity  of  those  in  utero    ATB,  supports 

.    .  the  thesis  that  sensitivity  to  carcinogenesis  increases  in 
general  with  increasing  age,"  this  does  not  appear  to  be  the  case 
for  those  not  in  utero  ATB,  because,  also  according  to  Mole 
[1975]:     "Overall  leukemia  induction  in  those  exposed  as  children 
and  young  people  aged  0-19  years  was  at  a  slightly  larger  rate 
than  for  adults  aged  20+  years  when  irradiated  .    .    .  ." 

One  possible  alternative  to  the  "insensitive  fetus" 
hypothesis  as  an  explanation  for  the  low  yield  of  leukemia 
fatalities  among  those  irradiated  in  utero  relates  to  the 
abnormal  condition  of  the  populations  of  Hiroshima  and  Nagasaki 
prior  to  and  following  the  1945  bomb  blasts,   in  conjunction  with 
the  fact  that  fbllow-up  of  the  survivors  did  not  begin  until 
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1950.     A  number  of  authors  have  conunented  over  the  years  on  the 
extreme  stress  inflicted  on  the  survivors  and  the  deprived  state 
of  the  population  during  the  war  years.     Nussbaum  [1985]  reminds 
us  that  the  Japanese  were  exposed  not  only  to  the  bomb  but  also, 
only  a  few  weeks  later,  to  a  typhoon  followed  by  an  unusually 
harsh  winter  (1945  -  1946) .     This  author  claims  that,  as  a 
result,  bomb  survivors  were  without  adequate  food,  shelter, 
sanitation,  and  medical  services  for  several  years.     A  point 
which  has  often  been  made  in  the  recently  published  literature 
and  attributed  to  Stewart  and  Kneale   [Nussbaum,   1985]  concerns 
the  probability  that  some  of  those  with  immune  systems  weakened 
by  radiation-induced  leukemic  changes  may  have  died  of  acute 
health  problems  (e.g.,   infections)   without  an  official  diagnosis 
of  leukemia  ever  having  been  made.     Even  without  invoking  this 
particular  hypothesis,   it  seems  reasonable  that  the  proportion  of 
the  population  surviving  the  great  deprivation  of  the  time  would 
have  been  unusually  robust  as  compared  to  a  "ncirmal"  population 

—  the  implication  being  that  perhaps  some  of  those  destined  to 
develop  radiation-induced  cancer  were  lost  from  the  population 
before  follow-up  began.     Arguing  against  this  idea,  though,  is 

(1)  the  absence  of  any  obvious  effect  of  the  circumstances  on  the 
general  mortality  experience  of  the  survivors   (i.e.,  noncancer 
mortality  rates  have  been  normal,   as  opposed  to  decreased,  when 
compared  to  unaffected  parts  of  Japan   [Beebe  et  al.,    1978])  and 

(2)  the  absence  from  the  population  of  its  very  strongest  members 

—  military  personnel. 
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Stewart  and  Kneale   [1970]   have  reported  that  noncancer 
deaths  in  general   increase  with  dose  for  survivors  exposed  to  > 
50  rad  but  that  the  "healthy-survivor"  effect  is  apparent  below 
this  exposure  level  exposure  level   [Nussbaum,   1985]-  These 
authors  attribute  the  high  noncancer  morality  of  the  heavily 
exposed  to  bone  marrow  damage  evidenced  by  the  high  incidence  of 
aplastic  anemia. 

The  low  leukemia  death  rates  found  among  those  in  utero  ATB 
(20  cancer  deaths  per  million  per  rad  [Mole,  1975])  can  be 
contrasted  with  the  elevated  leukemia  rates  (240  per  million  per 
rad  [Mole,   1975])   associated  with  prenatal  X-ray  exposure  in  the 
Oxford  Survey  of  Childhood  Cancers   (OSCC)    [Knox  et  al.    1987]   —  a 
finding  which  was  at  first  rejected  because  of  its  disagreement 
with  the  A-bomb  data  as  well  as  certain  design  issues  which  were 
resolved  in  more  recently  conducted  studies  of  the  same 
phenomenon  [Doll^   1989].     Interesting  in  this  regard  are 
cytogenetic  data  which  have  suggested  that  X-rays  may  be  three 
times  as  effective  as  gamma  rays  at  causing  certain  chromosomal 
aberrations  at  low  doses   [NCRP  No.   64,  1980], 
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150  Tremont  Street 

Boston,  MA  02111 

Dear  Mr.  Costas: 

On  behalf  of  my  fellow  peer  review  committee  members,  Drs.  Nancy  Kim  and 
Edward  Stanek,  we  would  like  to  submit  the  attached  final  report.    As  it 
states,  we  were  most  impressed  with  the  careful  work  and  documentation  the 
report  represents.    We  focused  on  areas  of  concern  that  we  believe  could  be 
improved,  ranging  from  broad  topics  to  rather  minor  editorial  points  (listed 
at  the  end). 

If  you  would  like  clarification  or  a  conference  call  to  discuss  our 
report,  please  let  us  know.    Thank  you  for  inviting  us  to  offer  our  comments. 


Sincerely, 


A.  Savitz,  fh.L. 


Professor 


cc:  Nancy  Kim,  Ph.D. 

Edward  Stanek,  Ph.D. 


Review  of  Woburn  Childhood  Leukemia  Study 
Final  Report 
August  28,  1995 

Review  Committee: 

Nancy  Kim,  New  York  State  Department  of  Health 

David  A.  Savitz  (Chair),  University  of  North  Carolina  School  of  Public  Health 
Edward  Stanek,  University  of  Massachusetts  at  Amherst  School  of  Public  Health 


General  Comments 
Strengths 

The  report  on  the  case-control  study  of  childhood  leukemia  in  Woburn 
provides  detailed  documentation  of  a  well -designed  and  carefully  conducted 
study.    The  basic  structure  of  the  study  is  well -suited  to  addressing  the 
potential  relationship  between  consumption  of  contaminated  water  from  Wells  G 
and  H  in  relation  to  childhood  leukemia  as  well  as  some  other  environmental 
exposures.    It  does  not  address  whether  there  is  some  community-wide  exposure 
that  has  elevated  risk  for  all  Woburn  residents  since  the  study  is  restricted 
to  that  community. 

The  methods  used  by  the  authors  are  current  and  appropriate.  Methods  for 
case  and  control  assessment,  and  construction  of  variables  are  presented  in 
detail.    Analyses  are  developed  methodically  and  also  presented  in  the  same 
level  of  detail . 


Imprecision 

The  principle  limitation  in  the  study  is  well -recognized  by  the 
investigators,  namely  the  limited  number  of  leukemia  cases  that  occurred  in 
this  community.    The  consequences  of  this  limited  study  size  are:  a)  imprecise 
estimates  of  associations  between  exposures  and  disease  and  failure  of 
relative  risks  that  are  not  extremely  large  (around  10)  to  attain  conventional 
levels  of  statistical  significance;  b)  limited  opportunity  to  examine  dose- 
response  gradients;  and  c)  difficulty  in  making  statistical  adjustments  for 
confounders. 

As  a  result  of  the  imprecision  in  risk  estimates,  there  is  an  unusual 
degree  of  latitude  on  the  part  of  the  investigators  to  make  judgments  about 
what  is  and  is  not  worthy  of  attention.    The  conclusions  of  the  study  may  be 
too  strong  in  light  of  this  imprecison.    The  patterns  of  association  between 
potential  consumption  of  contaminated  water  and  risk  of  leukemia  are  worthy  of 
note,  but  persuasiveness  of  those  results  may  be  less  than  the  report 
suggests.    In  particular,  the  Executive  Summary  should  be  reviewed  and 
modified  so  that  those  who  read  only  the  summary  are  aware  of  the  limitations 
that  apply  to  the  study's  conclusion 


Water  Exposure  Assessment 

The  other  key  challenge  is  inherent  in  studies  of  environmental  causes 
of  cancer,  namely  difficulty  in  identifying  the  historical  exposures  of 
concern.    A  strength  of  this  study  is  the  availability  of  an  exposure  model 
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that  generates  credible  estimates  of  the  likelihood  of  having  consumed 
contaminated  water  from  wells  G  and  H,  a  function  of  geographic  location  and 
calendar  time  period.    The  report  does  not  include  a  discussion  of  the 
limitations  and  uncertainties  in  the  exposure  model.    Moreover,  how  these 
limitations  or  unknowns  could  affect  or  bias  the  findings  of  this  study  is  not 
discussed,  which  would  be  useful. 

The  description  of  the  trichotomous  exposure  score  needs  to  be  expanded 
with  further  justification  added.    The  boundaries  for  the  two  non-zero 
exposure  groups  were  selected  so  that  the  two  groups  would  have  equal  numbers 
of  cases  and  controls,  and  not  on  the  basis  of  differences  in  exposure  scores. 
No  information  is  given  as  to  the  average  or  median  exposure  score  for  each  of 
the  different  exposure  time  periods  and  the  maximum  exposure  score  is  not 
given  for  the  different  exposure  time  periods.    The  report  emphasizes  the 
dose-response  relationship,  but  the  information  given  is  not  sufficient  to 
show  that  the  two  non-zero  dose  groups  really  have  meaningfully  different 
exposures.    The  data  inconsistencies  in  exposure  categories  between  Tables  6 
and  10  need  to  be  addressed. 

Some  additional  refinements  in  the  water  exposure  assessment  would  be 
useful.    The  effort  to  consider  consumption  of  tap  water  is  useful,  but  it 
would  be  more  informative  if  examined  as  part  of  a  dose-response  gradient. 
The  lowest  exposure  group  might  be  no  contaminated  water,  a  middle  group  that 
received  but  probably  did  not  drink  contaminated  water,  and  a  third  group  that 
'    received  and  drank  contaminated  water. 

It  is  not  clear  whether  any  of  the  cases  diagnosed  after  1979  had  the 
potential  for  exposure  to  Wells  G  and  H  during  pregnancy  given  when  use  of  the 
wells  ceased.    Not  enough  information  is  presented  to  evaluate  this.  Some 
comment  regarding  the  consequences  of  the  limited  calendar  time  of  potential 
exposure  for  cumulative  exposure  scores  is  warranted.    It  seems  that  since 
exposure  is  not  possible  after  1979,  calculation  of  a  cumulative  exposure 
measure  up  to  1987  will  dilute  the  exposure  levels,  for  some  subjects  relative 
to  those  who  could  have  been  exposed  throughout  their  pregnancies. 

The  use  of  different  exposure  cut  points  is  potentially  problematic  in 
interpreting  the  results  in  Table  11.    If  exposure  is  expressed  per  unit  time, 
the  cut  points  and  scales  may  be  more  comparable. 

A  useful  calculation  might  be  to  assess  what  proportion  of  cases  are 
potentially  attributable  to  consumption  of  contaminated  walrr  before  and 
during  pregnancy.    Does  this  exposure  potentially  account  for  a  sizable 
fraction  of  the  excess  risk  observed  in  Woburn? 


Control  Selection 

A  key  concern  in  this  study,  as  in  all  case-control  studies,  is  the 
suitability  of  the  control  group  as  a  representative  sampling  from  the  study 
base  that  generated  the  cases.    Some  additional  tabulations  and  discussion 
might  help  in  judging  the  adequacy  of  controls.    The  overall  strategy  of 
sampling  randomly  from  the  entire  community  of  Woburn  is  appropriate.  School 
records  provide  a  potentially  useful  sampling  frame  for  generating  the  desired 
sample,  but  in  spite  of  the  detailed  explanation  of  procedures,  it  is  not 
clear  whether  the  sampling  frame  for  controls  fully  identifies  children  who 
would  have  been  eligible  for  the  study  had  it  been  done  concurrently.  That 
is,  if  the  risk  set  had  been  fully  enumerated  at  the  time  each  case  developed, 
how  would  that  risk  set  compare  to  those  who  actually,  constituted  the  sampling 
frame  for  controls.    Potential  concerns  include  selection  of  controls  for  pre- 
school age  children,  children  who  attended  private  schools,  and  loss  of 
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potential  controls  due  to  having  moved  after  the  relevant  diagnosis  date. 
Beyond  the  question  of  whether  the  targeted  controls  are  appropriate  is  the 
question  of  whether  non-response  may  have  distorted  the  patterns. 

Because  the  water  exposure  model  generates  estimates  based  on  both 
location  of  residence  and  time  period  of  occupancy,  it  is  important  to  be 
certain  that  the  sample  of  controls  is  unbiased  with  respect  to  those  factors. 
A  more  direct  discussion  of  the  potential  for  bias  in  control  selection  is 
warranted,  even  though  it  is  not  at  all  obvious  that  such  bias  has  occurred. 
Along  with  random  error,  it  is  a  key  source  of  uncertainty  in  judging  the 
validity  of  the  study's  results. 


Confounding 

The  two  strategies  for  controlling  confounding  were  to  use  a  composite 
score  or  include  all  pre-selected  covariates  in  a  logistic  regression  model. 
An  alternative  not  considered  was  selective  inclusion  of  only  the  subset  of 
individual  variables  that  generated  a  change  in  the  coefficient  for  the 
variable  of  interest.    In  fact,  there  was  little  effort  to  identify  the 
potential  risk  factors  that  actually  appeared  to  be  associated  with  childhood 
leukemia  in  these  data  (e.g.,  dental  x-rays)  as  a  restricted  set  of  potential 
confounders  to  be  controlled  in  the  analysis.    It  appears  that  there  was 
little  confounding  overall  and  it  is  quite  possible  that  adjustment  for  one  or 
two  covariates  would  have  been  sufficient  to  control  confounding  without  much 
loss  in -precision  relative  to  the  unadjusted  results. 


Miscellaneous 

Results  of  the  study  are  comprehensively  presented,  including  the  needed 
descriptive  tabulations  and  unadjusted  measures  of  association.  Examination 
of  risk  for  specific  time  windows  is  a  very  useful  strategy.    Although  the 
imprecision  of  risk  estimates  is  known  to  be  a  major  source  of  uncertainty, 
the  repeated  notation  of  which  measures  of  association  are  and  are  not 
statistically  significant  is  unnecessary. 

The  other  potential  risk  factors  were  collected  in  the  usual  manner  for 
such  studies,  including  job  titles  of  the  mother  and  father,  health  behaviors 
of  the  parents  such  as  tobacco  and  alcohol  use,  and  medical  history.  A 
special  effort  was  devoted  to  examining  proximity  of  residences  to  power  lines 
in  order  to  address  wire  configuration  code  of  the  home  as  a  potential  risk 
factor.    Again,  the  overall  design  and  array  of  risk  factors  considered  are 
appropriate  to  the  situation  of  concern. 

Some  specific  observations  were  not  given  as  much  attention  or  comment 
as  they  might  deserve.    There  were  relatively  large  (although  non- 
statistically  significant)  differences  in  risk  observed  in  Table  13  when 
accounting  for  types  of  leukemia.    This  table  appears  to  suggest  a  very  large 
effect  for  AML/CML  cases  on  the  risk  (since  the  risk  is  elevated  from  2.8  to 
5.7  based  solely  on  4  more  cases),  which  should  be  noted  and  interpreted  in 
the  text. 

A  more  extensive  effort  to  compile  the  literature  specific  to 
environmental  exposures  and  childhood  leukemia  would  be  helpful  in  providing 
the  context  for  these  results.    Although  studies  are  cited  in  a  general  way, 
the  evidence  specifically  on  exposure  to  organic  solvents  during  pregnancy  and 
subsequent  risk  of  leukemia  in  the  offspring  should  be  scrutinized,  for 
.example.    Other  peripherally  relevant  studies  of  these  agents  in  relation  to 


adult  leukemias,  birth  defects  and  other  adverse  pregnancy  outcomes,  or  health 
effects  in  general  should  be  considered.    A  firm  judgment  of  whether 
contaminated  water  caused  the  increased  risk  of  leukemia  is  not  possible  but  a 
better  assessment  of  that  possibility  could  be  made  based  on  more  details  of 
other  relevant  studies. 


\ 
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David  Savitz  -  Specific  Comments 

A  minor  concern  throughout  the  report  is  the  need  for  careful  technical 
editing  to  correct  spelling,  grammar,  and  punctuation  errors-    It  should  be 
noted  that  "data"  is  plural. 

Executive  Summary 

Page 

2    The  general  methods  of  control  selection  should  be  described. 

2  Selection  of  results  for  presentation  solely  on  the  basis  of  statistical 
significance  rather  than  the  interest  or  importance  of  the  question  is  not  a 
good  strategy. 

3  Results  for  dose-response  analysis  should  include  estimates  of  relative 
risk,  not  just  p-values  for  trend. 

3  The  breastfeeding  results  should  be  tempered  given  contradictory  evidence 
in  other  studies. 


Introduction 

4  Paragraph  1:  Is  the  absence  of  an  unusual  geographic  pattern  in  childhood 
leukemia  mortality  discrepant  with  a  geographic  pattern  to  the  exposure? 

24    In  the  sections  on  solvents,  tobacco,  etc.,  there  needs  to  be  a  much 
clearer  separation  of  evidence  related  to  childhood  leukemia  versus  adult 
leukemia.    Current  wisdom  would  suggest  that  the  adult  leukemia  studies  may 
have  little  relevance  to  risk  factors  for  childhood  leukemia. 

27    Some  literature  citations  are  needed  in  the  first  paragraph. 


Methods 

32    Matching  in  case-control  studies  does  not  control  confounding  but  creates 
balanced  groups  that,  when  properly  analyzed,  make  it  easier  to  control 
confounding. 

42    Bottom:    Did  cases  have  a  similar  restriction  to  that  described  for 
controls  with  regard  to  when  they  had  to  have  attended  school? 

59    Middle  paragraph:    Trimesters  are  13  rather  than  15  weeks. 

67    Paragraph  2,  last  sentence:    Should  say  "lowest  exposure  group"  not 
tertile. 

69    In  discussion  confounding,  it  should  be  acknowledged  that  we  actually  know 
very  little  about  determinants  of  childhood  leukemia  and  that  the  list 
includes  many  variables  of  potential  interest  which  may  well  not  be  risk 
factors  at  al  1 . 
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70  11  lines  from  bottom:  How  did  you  define  "significantly  affect"  in 
quantitative  terms? 


Results 

72  Bottom:    What  was  the  final  effective  control  response  proportion? 

73  Distinguish  between  ineligible  (who  should  not  be  counted  in  calculating 
response  proportion)  and  refusals  (who  should  be  counted). 

74  In  selecting  parents,  it  is  not  clear  whether  distinctions  were  made  for 
biological  versus  adoptive  parents,  and  whether  fathers  and  mothers  had  to  be 
currently  married  for  the  father  to  be  interviewed.    This  should  be  clarified 
in  the  Methods  section. 

75  First  full  sentence:  Something  is  wrong  with  sentence. 

76  8-10  lines  from  bottom:    This  is  confusing  and  not  quite  correct  in 
describing  what  an  odds  ratio  is.    It  is  the  odds  of  exposure  among  cases 
versus  controls;  nonexposed  cases  are  the  denominator  of  the  odds  of  exposure 
among  cases  and  similarly  for  the  controls. 

83    Line  6:    Here  and  elsewhere  that  statistical  tests  are  performed,  it  would 
be  preferable  to  provide  the  actual  p-value  rather  than  to  note  only  whether 
or  not  it  was  significant. 

86  and  later:    Selection  of  statistically  significant  results  for  presentation 
is  not  a  good  strategy.    Given  the  need  to  be  selective  since  so  many  odds 
ratios  were  generated,  those  that  are  based  on  questions  of  interest  and  where 
prevalence  is  adequate  to  study  would  be  the  most  important,  regardless  of 
whether  an  association  was  found.    Also,  there  is  no  clear  logic  to  the 
sequence  of  the  presentation,  making  it  hard  to  follow  the  flow  of 
information-    Environmental  exposures  might  be  grouped,  for  example. 

91,  92:  -Presentation  of  a  summary  of  results  (not  just  in  the  Appendix)  would 
be  useful . 

92  10  lines  from  bottom:    Which  direction  was  the  age  association  --  higher 
risk  with  older  or  younger  maternal  age? 

93  Bottom:    Put  employment  information  with  occupation  results. 

94  Paragraph  3:    Why  doesn't  6  exposed  controls  and  0  exposed  cases  generate 
an  odds  ratio  of  0? 

95  Bottom:    The  low  prevalence  of  breastfeeding  (presumably  for  any  period  of 
time)  is  so  notable  that  it  calls  into  question  the  results.    This  might  be 
mentioned  in  the  Discussion. 

99-102    The  EMF  results  are  made  far  more  convoluted  and  confusing  than  they 
need  to  be.    You  could  start  by  creating  variables  for  specific  times  such  as 
"wire  code  at  birth"  or  "wire  code  at  diagnosis"  to  analyze  and  avoid  pools  of 
homes  without  regard  to  time  of  occupancy.    Given  measurement  data,  there  are 
three  discrete  groups:    very  high  current  configuration,  ordinary  high  current 
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configuration,  and  everything  else.    You  could  group  the  lowest  categories 
together  and  present  the  results  for  the  other  contrasts  (OHCC  vs.  low,  VHCC 
vs.  low).    It  is  not  necessary  (and  is  somewhat  confusing)  to  present  so  many 
others. 


Discussion 

113  The  contradictory  literature  on  breastfeeding  and  childhood  cancer  should 
be  cited. 

114  4  lines  from  bottom:    Underground  wiring  is  not  assumed  to  have  zero 
exposure  but  rather  to  be  in  the  lowest  group. 

116    Bottom:    It  is  not  clear  why  the  observed  distribution  of  wire  code 
categories  suggests  that  "Woburn's  neighborhoods  are  older..." 


Ed  Stanek  -  Specific  Comments 

'    Executive  Summary 

p2,  line  -11.    Wording  is  awkward,    "as  univariates"  means  what? 

P3,  paragraph  3.    Results  summary  here  is  not  clear.    Suggest  use  of  "  3 
levels  of  exposure"    in  lieu  of  "trichotomous"  or  explain  more  clearly. 

P3,  line  -4.      I  suggest  rewording  something  like:  "Our  findings  are 
consistent  with  the  hypothesis  that  low  level  multi  chemical  exposure,  which 
may  have  occurred  as  a  result  of  consuming  water  form  Wells  G  and  H  has  a 
hematologic  effect  on  the  human  fetus,  ultimately  resulting  in  leukemia." 

P4,  line  1.    Begin  with  "Other  studies  ..." 

P4,  line  4.    Suggest  rewording:  "This  study  concludes  that  Un  rtsk  of 
developing  childhood  ..." 

P4,  line  -7.  Suggest  rewording:  "Further  study  by  other  researchers  may  be 
warranted  to  examine  ..." 


Report 

p3.  Line  3.    Add  comma:  "Woburn  residents,  having..." 
P3,  Line  4  Add  comma:  "...  may  have  caused,  became  ..." 
P13.  Pagination. 

P17,  lines  1-6.    This  discussion  is  not  clear  to  me.    Perhaps  it  can  be 
restated. 

P19,  line  -11  to  -8  I  don't  see  how  the  difference  in  the  spike  will  result 
in  the  conclusion  you  attribute  to  it. 
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P28,  lines  3-5.    The  sentence  is  awkward. 

P35,  line  4.    Include  reference  for  "1981  study" 

P55,  top  paragraph.    The  evaluation  of  the  water  model  indicates  that  there 
will  be  a  substantial  miss-classification  of  exposure  measures  for  individual 
subjects  based  on  the  test  data.    Such  misclassification  will  bias  risk 
estimates  down.    Does  this  deserve  some  discussion? 

P56,  line  -12,-11  The  sentence  appears  incomplete. 

P66,  line  -8.    I  feel  you  should  expand  on  your  description  of  the  model.  You 
use  a  proportional  hazards  model  to  fit  the  conditional  logistic  regression 
model  to  case/control  status.    The  report  never  seems  to  state  that  clearly, 
nor  to  reference  the  connection  between  the  analysis.    This  should  be 
amplified.    There  is  some  discussion  of  this  on  page  71.    However,  you  never 
write  out  a  model  equation,  or  reference  the  method  (other  than  a  general 
reference  to  the  SAS  program). 

P67,  line  5.    "All  data  were..." 

'    P68,  line-6.    Use  of  Tukey's  suggestion  for  collapsing  covariates  may  be 
reasonable.    Additional  information  that  would  have  been  valuable  is  an 
evaluation  of  the  sensitivity  of  the  choice  of  coefficients  for  the 
collapsing,  since  the  method  seems  somewhat  at  hoc, 

P74,  line  9.  Figure  I  is  unclear.  It  would  help  to  identify  the  interval  for 
case  detection  that  you  have  used  when  plotting  cases. 

p76,  line  6.    I  don't  find  the  ranges  reported  in  Table  7  of  much  value.  Why 
not  report  medians,  quartiles,  or  other  descriptive  statistics. 

P76,  line  14.    Is  this  a  line  that  should  be  edited  out?    Where  does  51.07 
come  from? 

P78,  line  -12.    "confounders  that  were  considered,  ..." 

P80,  line  -II.    I  am  missing  the  rational  for  the  trimester  analysis,  other 
than  being  another  interesting  thing  to  look  at.     Do  you  have  any  rational 
for  expecting  a  difference  in  one  direction  or  another?    It  seems  somewhat 
like  a  fishing  expedition,  and  has  principally  descriptive  value.  What 
conclusions  do  you  make  from  your  analysis  results? 

P83,  lines  5-9.    Did  you  do  any  analysis  to  evaluate  the  sensitivity  to  your 
dose  classifications? 

P84,  lines  14,15.  The  degree  of  confidence  is  the  same  for  both  confidence 
intervals.  One  is  just  narrower,  so  the  estimate  is  probably  better.  This 
should  be  reworded. 

P85,  line  3-4.    "As  a  univariate,..."    Reword  this.    Also,  some  mention  of  , 
or  reference  to  recall  bias  here  may  be  warranted  (I  know  you  address  it 
later). 
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P85,  lines  -6  to  -4.    None  of  the  results  are  significant.    The  ALL  results 
are  weaker.    You  seem  to  be  "beating  the  drum"  here. 

P96,  line  -10.    This  is  one  of  the  few  results  statistically  significant,  but 
is  under  billed.    More  discussion  is  warranted.    Do  you  consider  it  a  "chance" 
finding? 

PlIO,  line  12.  Reword  this  sentence.  One  estimate  is  a  better  estimate  than 
the  other  since  it  appears  to  be  more  precise. 

P113,  lines  15-19.    More  discussion  (and  possible  analysis)  of  how  breast 
feeding  fits  into  the  picture  for  incidence  with  the  other  variables  is 
warranted. 

PI17.  Line  -9,    "association  [of  what?]  with  each  " 

P117,  line  -7.    Is  Table  13  the  right  table  to  reference? 

P122,  2nd  paragraph.    I  don't  understand  why  the  discussion  brings  in 
"sensitive  individuals",  or  how  this  adds  to  interpretation  of  the  results. 

P125,  lines  -12  to  -8.    I  think  this  explanation  is  not  very  plausible.  Are 
subjects  equally  aware  of  other  risk  factors?    Wouldn't  they  have  to  be  to 
bias  the  results  negatively? 

P126,  line  8.  "...leukemia  was  greater  for  ..."  I  think  this  should  be  toned 
down. 

P126,  line  -1.  "...is  necessary  to  definitively  ..."  I  think  this  should  be 
toned  down. 

P128,  line  6.    Should  some  mention  b?  given  to  the  possible  explanation  that 
the  elevated  rates  were  simply  the  result  of  natural  variation? 


Nancy  Kim  -  Specific  Comments 

P  12,  Paragraph  2.  "1,1,1-trichloroethylene"  spelled  incorrectly;  it  should 
probably  be  1,1,1-trichloroethane. 

P  25,  Sentence  1.  "studies, are"  missing  a  space. 

P  45,  Paragraph  1.    "Duplicate  questions  asked  of  fathers  if  parents  were 
interviewed  apart  to  validate  or  complete  missing  information  from  one  or  the 
other    parent."    Something  is  wrong  with  the  sentence  structure.  Should 
"were"  be  inserted  after  "questions"? 

P  49,  Line  1.    "pi;e"  should  be  replace  with  "pipe". 

P  49,  Paragraph  1.    "It  was  assumed  that  leakage  flow  was  uniformly 
distributed    through  the  system."    Given  this  assumption,  what  is  its  basis 
and  could  any  errors  be  introduced? 

P  49,  Paragraph  1.    "...water  consumption  was  estimated  by  applying  the  value 
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of  370  gallons  per  day  to  each  residential..."    What  is  the  basis  for  this 
assumption? 

P  49,  Paragraph  2.    "The  amount  of  residential  and  "    Should  the  word 

"assumed"  be  inserted  before  amount?    Based  on  the  earlier  discussion,  this 
would  seem  necessary. 

P  52,  Paragraph  I.  "Root  mean  square  head  difference  was  6.2  feet."  Can  you 
give  the  reader  a  qualitative  idea  as  to  the  importance  of  the  error  level  and 
root  mean  square  head  difference? 

P  54,  Paragraph  1.    "Overall,  72  percent  of  the  field  test  predictions  were 
within  0.2  of  the  observed  values."    Should  the  value  0.2  have  units? 

P  56,  Paragraph  3.    "The  monthly  exposure  index  value  for  each  user  demand 
area  used  in  the  calculation  of  the  exposure  index  values  for  each  individual 
study  subject."    Something  is  wrong  with  the  sentence  structure. 

P  89,  Paragraph  1.    "Once  again,  odds  ratios  demonstrate  no  association 
between  occupational  categories  most  frequently  reported  and  childhood 
leukemia  incidence."    I  don't  disagree  with  this  statement  although  I  was 
troubled  in  reading  this  section    by  what  appears  to  be  inconsistencies  as  to 
which  comparisons  are  pointed  out  and   discussed  and  which  were  ignored.  The 
selection  is  not  statistical  significance,  but  what  is  it?    For  example,  is  it 
an  odds. ratio  of  1.5  and  that  is  why  the  fathers  in  the  durable  goods 
manufacturing  industry  were  discussed  and  why  mothers  in  the  clerical  category 
weren't,  e.g.  1.98  (0.63,  4.72)  and  1.40  (0.50,  3.97)? 

P  99,  Paragraph  3.    "Forty-six  of  the  seventy-three  study  subject  addresses 
(63%)  were  classified  as  OLCC."    I  mav  have  missed  it,  but  I  couldn't  find  the 
definition  of  OLCC,  VHCC,  etc.        -  ' 

P  105,  Paragraph  2.    "...with  the  first  study  and  4)  Electric  power..." 
Lower  the  case  of  "e"  to  "electric." 

P  108,  Sentence  3.    "Although  confidence  intervals  are  extremely  wide  for 
odds  ratios  of  individual  pregnancy  strata,  a  test  for  trend  is  significant 
suggesting    the  existence  of  a  dose-response  relationship  between  Wells  G  and 
H  water  and  childhood  leukemia  for  exposure  during  pregnancy."    I  am 
uncomfortable  with  this  and  some  of  the  other  statements  which  focus  on  the 
importance  of  the  dose-response  relationship,  given  the  description  of  the 
exposure  data.    However,  if  additional  data  clearly  show  a  difference  in 
exposure  between  the  two  non-zero  dose  groups,  my  concerns  will  be  diminished. 

P  109,  Sentence  1.    "The  tap  water  question  must  be  interpreted  with  caution 
however  as  respondents  were  likely  to  be  aware  of  the  community's  concerns 
regarding  ill  health  and  exposure  to  contaminated  public  water."    This  is  a 
reasonable  qualifier,  but  these  types  of  qualifications  are  not  carried  over 
into  the  executive  summary. 

P  116,  Paragraph  2.    "Odds  ratios  resulting  from  the  relationship  between 
wire  code    configuration  and  childhood  leukemia  do  not  support  a  positive 
association  between    wir^  code  and  leukemia  incidence."    As  mentioned 
previously,  the  criteria  for  stating  when  odds  ratios,  not  statistically 
significant,  are  considered  a  positive  association  and  when  they  are  not  need 
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to  be  defined. 


P  116,  Paragraph  2.    "...approximately  80%  of  the  residences  were  int  the 
two..."  typo,  delete  the  "t"  at  the  end  of  the  word  "in". 

P  121,  Sentence  1.    "...over  which  time  periods,  it  would  therefore  be 
impossible..."  change  to  "...over  which  time  periods.    It  would,  therefore,  be 
impossible." 

P  121,  Paragraph  3.    "The  environmental  protection  Agency's"  change  to  "The 
Environmental  Protection  Agency's" 

P  122,  Paragraph  2.    Add  a  comma  after  fetus  in  "...effects  of  TCE  on  a 
developing  fetus  however,  the  plausibility...".    In  addition,  the  results  from 
animal  reproductive  studies,  either  positive  or  negative,  should  be  mentioned. 

P  123,  Paragraph  1.    "Alternatively,  fetal  susceptibility  to  potential 
drinking  water  contaminants  could  reflect  high  dose  exposure.  Regular 
maternal  ingestion  could  lead  to  sustained  blood  levels  or  even  concentrations 
in  fetal  tissues."    This  sentence  should  be  rewritten  so  the  meaning  is  clear. 
In  fact,  the  statement  may  not  be  necessary,  given  the  sentence  that  follows. 

P  126,  Paragraph  1.    "...showed  a  significantly  positive  relationship  to  the 
amount  of  water  mothers  consumed."    Would  the  following  statement  be  more 
accurate?    ""showed  a  significantly  positive  relationship  to  the  contaminant 
levels  in  the  water  delivered  to  the  households." 

P  128,  Paragraph  1.    "Ongoing  cancer  incidence  surveillance  will  provide 
information  to  suggest  whether  control  of  environmental  hazards  in  Woburn  has 
coincided  with  a  more  predictable  rate  of  childhood  leukemia  incidence." 
Isn't  in  more  accurate  to  refer  to  -the  control  of  specific  contaminants  in 
drinking  water  rather  than  environmental  hazards? 

Table  10    Some  of  the  data  in  this  table  are  not  consistent  with  the  data  in 
Table  6.    The  number  of  cases  in  the  never  exposure  category  for  the  exposure 
time  period  from  2  years  before  conception  diagnosis  is  4  in  Table  6;  however, 
the  number  of  cases  with  the  0.00  exposure  score  in  Table  10  for  the  same 
exposure  period  is  3.     A  similar  problem  occurs  with  the  exposure  time  period 
"during  pregnancy".    In  addition,  the  third  exposure  category  for  most  of  the 
time  periods  has  a  "<"  sign  before  it;  the  sign  should  be  ">".    In  Table  11, 
some  of  the  signs  are  omitted  and  need  to  be  added. 

Table  15  and  16    Combine  "Transportation"  and  "Communications  and  Other 
Public  Utilities"  into  one  category  "Transportation,  Communications  and  other 
Public  Utilities." 
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Responses  to  Peer  Review  Commenus 


This  section  addresses  all  peer  review  comments  received 
concerning  the  Wobum  Childhood  Leukemia  Follow-up  Study.  The 
Peer  Review  Panel  members  were  David  Savitz,   Ph.D.,  (Chair), 
University  of  North  Carolina  School  of  Public  Health,  Nancy  Kim, 
Ph.D.,  New  York  State  Department  of  Health,   and  Edward  Stanek, 
Ph.D.,   University  of  Massachusetts  at  Amherst  School  of  Public 
Health. 

The  study  was  sent  to  the  peer  review  committee  on  July  12,  1995 
and  a  final  report  was  received  from  the  committee  on  August  28, 
1995.     Grammatical  changes  suggested  by  the  peer  reviewers  are 
not  listed  herein  but  were  largely  incorporated.     A  copy  of  the 
actual  peer  review  committee  report  appears  at  the  end  of  this 
response  section. 

*  Page  1,   paragraph  4  of  the  comments  states,    "The  patterns  of 
association  between  potential  consumption  of  contaminated  water 
and  risk  of  leukemia  are  worthy  of  note,  but  persuasiveness  of 
those  results  may  be  less  than  the  report  suggests .  In 
particular,   the  Executive  Summary  should  be  reviewed  and  modified 
so  that  those  who  read  only  the  summary  are  aware  of  the 
limitations  that  apply  to  the  study's  conclusion." 
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The  narrative  of  this  report  was  modified  to  more  closely  reflect 
the  context  within  which  the  results  should  be  viewed.     As  an 
example,   the  following  paragraph  was  added  to  the  Discussion  and 
Conclusions  section  of  the  Executive  Summary  to  better  illustrate 
the  study's  limitations:    "The  small  number  of  study  subjects  lead 
to  imprecise  estimates  of  leukemia  risk.     Because  of  the 
imprecision  of  the  risk  estimates,   the  exact  nature  and  magnitude 
of  an  association  between  exposure  to  water  from  Wells  G  and  H 
and  risk  of  childhood  leukemia  cannot  be  stated.  However, 
results  consistently  were  in  the  direction  of  an  association  and 
support  the  hypothesis  that  childhood  leukemia  in  this  population 
may  be  related  to  mother's  exposure  to  contaminated  water  from 
Wells  G  and  H  during  pregnancy."  • 

*  Page  2,    line  3  of  the  comments  requests  that  more  information 
be  provided  regarding  the  limitations  and  uncertainties  of  the 
exposure  model.     It  states,    "A  strength  of  this  study  is  the 
availability  of  an  exposure  model  that  generates  credible 
estimates  of  the  likelihood  of  having  consumed  contaminated  water 
from  Wells  G  and  H,   a  function  of  geographic  location  and 
calendar  time  period.     The  report  does  not  include  a  discussion 
of  the  limitations  and  uncertainties  in  the  exposure  model. 
Moreover,    how  these  limitations  or  unknowns  could  affect  or  bias 
the  findings  of  this  study  is  not  discussed,   which  would  be 
useful . " 
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In  order  to  assess  the  potential  uncertainty  of  the  model, 
validation  studies  of  the  Murphy  Model  were  conducted  by  Dr. 
Murphy  during  the  model's  development.     Known  concentrations  of 
fluoride  were  added  to  the  Woburn  water  system.     The  model  was 
used  to  predict  concentrations  of  fluoride  that  would  be  measured 
from  samples  taken  downstream  after  normal  water  system  mixing 
had  occurred. 

The  model  was  used  to  predict  three  overall  zones  of  water 
exposure  and  their  boundaries  within  Woburn,   a  zone  of  no 
possible  contaminated  water  exposure,   a  zone  of  definite  maximum 
contaminated  water  exposure,   and  a  mixed  zone  whose  water 
contamination  level  likely  fluctuated  over  time. 

The  results  of  the  validation  study  indicated  that  the  model  had 
the  potential  to  error  in  the  placement  of  the  boundaries  for  the 
all,   none,   or  mixed  water  exposure  areas  by  a  f.j-trr  ♦■^uivalent 
to  a  maximum  of  one  node  in  either  direction  .i  -   r.  :  iv^raers  of 

the  major  exposure  zones.     Within  the  mixed  expuiur*    zon*.-,  the 
model  predicted  the  actual  mixture  concentrat ionr  with  an  average 
error  of  10%.     Dr.   Murphy  noted  that  nearly  70%  of   the  validation 
measurements  were  within  20%  of  the  concentrations  predicted  by 
the  Murphy  Model. 

Given  the  predicted  "one  node  in  either  direction"  maximum  error, 
and  the  maximum  potential  10%  error  for  the  contaminated  water 
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concentrations  in  the  mixing  zone,   we  performed  a  sensitivity- 
analysis  using  our  exposure  estimates.     We  created  an  artificial 
circumstance  for  which  the  model  would  maximize  the  errors  in 
exposure  estimates  so  that  differences  in  exposure  estimates 
between  cases  and  their  matched  controls  would  be  greatest . 
Resultant  exposure  values  illustrated  the  widest  range  of  risk 
estimates  possible  based  on  the  water  model .  Outcomes 
predictably  ranged  from  risk  values  suggesting  a  protective 
effect  of  contaminated  water  exposure  to  an  extreme  risk  of 
adverse  outcome  from  exposure.     This  is  expected  based  on 
deliberate  maximization  of  the  potential  errors  inherent  in  the 
calculation  of  error  in  each  node,    i.e.  maximum  error  for  each 
node  exposure  estimate.     These  extremes  in  the  model's 
predictions  can  only  result  when  the  maximum  error  occurs  for 
each  node  during  every  month  the  model  predicts  exposure  values . 

Murphy  Model  peer  reviewers  have  determined  based  on  Dr.  Murphy's 
validation  testing  that  the  water  model  predicts  contaminant 
concentrations  consistently  within  an  acceptable  range  of  error. 
It  would  be  highly  improbable  then  that  the  model  when  applied  to 
our  data  would  have  consistently  demonstrated  errors  of  greater 
magnitude  than  demonstrated  in  the  validation  study. 

The  extreme  error  we  demonstrated  in  our  sensitivity  analysis  is 
virtually  impossible  under  any  circumstance.     For  this  extreme 
error  to  occur  the  model  must  error  for  each  node  exposure 


estimate  for  each  study  subject's  month  of  residence  to  the 
greatest  extent  possible.     This  must  occur  in  a  consistent 
direction  for  cases  and  consistently  opposite  direction  for 
controls  in  order  to  maximize  the  difference  in  exposure 
estimates  between  cases  and  controls  and  therefore  have  the  most 
effect  on  risk  estimates. 

If  we  assume  the  Murphy  Model  to  be  valid,   as  indicated  by  the 
Murphy  Model  peer  review  committee,   then  the  amount  of  error  for 
each  node's  predicted  exposure  value  would  be  within  a  known 
range  relative  to  the  actual  exposure  value.     Any  potential  bias 
in  exposure  value  estimates  would  therefore  be  the  result  of 
predictably  limited  error.     This  error  would  be  distributed  among 
all  nodes  and  would  not  occur  more  often  than  expected  in  any 
particular  node  thus  giving  reasonable  assurance  for  unbiased 
results . 

*  Page  2,    first  full  paragraph  of  the  peer  ivvi*-^  c. ■•'.Ti»-nt s  asks 
for  further  description  and  justification  of  lU'-  t.  r  i  chotomous 
exposure  score.     They  state   "The  description  of   the  trichotomous 
exposure  score  needs  to  be  expanded  with  further  justification 
added.     The  boundaries  for  the  two  non-zero  exposure  groups  were 
selected  so  that  the  two  groups  would  have  equal  numbers  of  cases 
and  controls,   and  not  on  the  basis  of  differences  in  exposure 
scores.     No  information  is  given  as  to  the  average  or  median 
exposure  score  for  each  of  the  different  exposure  time  periods 


and  the  maximum  exposure  score  is  not  given  for  the  different 
exposure  time  periods.     The  report  emphasizes  the  dose-response 
relationship,   but  the  information  given  is  not  sufficient  to  show 
that  the  two  non-zero  dose  groups  really  have  meaningfully- 
different  exposures.     The  data  inconsistencies  in  exposure 
categories  between  Tables  6  and  need  to  be  addressed." 

The  peer  reviewers  describe  the  trichotomous  exposure  scores 
incorrectly.     They  state  that  "The  boundaries  for  the  two  non- 
zero exposure  groups  were  selected  so  that  the  two  groups  would 
have  equal  nun±)ers  of  cases  and  controls..."     This  description 
implies  that  the     exposure  group  cut  points  were  selected  to 
balance  the  number  of  persons  in  each  category  based  on  disease 
status.     The  cut  point  criteria,   determined  a  priori,  were 
designed  to  divide  the  exposed  individuals  in  half,   based  on 
cumulative  exposure  scores  for  each  time  period  of  interest 
regardless  of  disease  status.     Disease  status  for  each  member  of 
the  exposed  categories  was  not  reviewed  until  category  boundaries 
had  already  been  assigned. 

The  exposure  score  cut  point  criteria,   as  discussed  in  the 
methods  section,   were  developed  to  establish  a  standard  method  of 
assessing  the  exposed  individuals  based  upon  uncertainty 
regarding  the  existence  of  threshold  exposure  levels  of  Wells  G 
and  H  water  and  adverse  health  effects. 
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An  alternative  method  regarding  the  establishment  of  exposure 
group  categories  as  suggested  by  the  peer  reviewers  was 
attempted.     A  dose-response  gradient  was  created  combining  water 
model  exposure  estimates  with  responses  to  water  consumption 
interview  questions  to  establish  three  new  exposure  groups.  The 
lowest  exposure  group  was  comprised  of  persons  who  could  not  have 
received  contaminated  water  from  the  well.     The  middle  exposure 
group  received  contaminated  water  but  primarily  consumed  store - 
bought  beverages  or  bottled  water.     The  high  exposure  group 
received  contaminated  water  and  used  it  as  a  primary  beverage . 

Results  of  analyses  conducted  for  the  exposure  period  during 
pregnancy  supported  our  previous  findings  and  -suggested  a 
positive  association  between  having  consumed  contaminated  tap 
water  as  a  primary  beverage  and  disease  status .     The  magnitude  of 
the  association  was  similar  to  that  of  previous  adjusted  results 
for  the  same  exposure  time  period.     Only  one  case  was  identified 
as  belonging  to  the  middle  exposure  category  as  defined  above 
resulting  in  unreliable  statistical  results  for  this  exposure 
category. 

Exposure  value  frequencies  for  cases  and  controls  by  time  period 
are  presented  in  table  10.     Data  inconsistencies  in  exposure 
categories  between  tables  6  and  10  have  been  corrected. 
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*  Page  2,   second  full  paragraph  of  the  peer  review  comments 
states,    "  Some  additional  refinements  in  the  water  exposure 
assessment  would  be  useful,   but  it  would  be  more  informative  if 
examined  as  part  of  a  dose -response  gradient.     The  lowest 
exposure  group  might  be  no  contaminated  water,   a  middle  group 
that  received  but  probably  did  not  drink  contaminated  water,  and 
a  third  group  that  received  and  drank  contaminated  water . " 

This  paragraph  calls  for  re-analysis  of  the  water  distribution 
model  as  was  described  above. 

*  Page  2,   third  full  paragraph  of  the  peer  review  comments  -  This 
paragraph  discusses  the  potential  for  exposure  to  Wells  G  and  H 
for  all  study  cases.     It  states,    "It  is  not  clear  whether  any  of 
the  cases  diagnosed  after  1979  had  the  potential  for  exposure  to 
Wells  G  and  H  during  pregnancy  given  when  use  of  i]\r-  wt-llc 
ceased.     Not  enough  information  is  presented  t     •  •.  .'.  .  .•  ♦•  thi.^^. 
Some  comment  regarding  the  consequences  of  th-  ;      ii'  ;i:^ar 
time  of  potential  exposure  for  cumulative  expor-u:-    r^c  mt.  ir 
warranted.     It  seems  that  since  exposure  is  not.  porir. ible  alter 
1979,   calculation  of  a  cumulative  exposure  measure  up  to  1987 
will  dilute  the  exposure  levels,    for  some  subjects  relative  to 
those  who  could  have  been  exposed  throughout  their  pregnancies." 

All  cases  had  the  potential  for  exposure  at  some  point  during 
their  etiologic  period,    at  the  very  least  during  the  pre- 
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conception  period.     The  calculation  of  cumulative  exposure 
through  1987  although  the  wells  were  closed  in  1979  does  not 
serve  to  minimize  exposures  which  occurred  prior  to  the  closure 
of  the  wells. 

The  computer  program  which  calculated  exposure  assigned  a  value 
of  zero  to  each  month  for  which  there  was  no  possibility  of 
contaminated  water  reaching  the  home  of  a  subject.  Exposure 
values  were  simply  added  once  the  values  for  each  month  of 
residence  was  assigned.     Adding  a  series  of  zero  values  to  a 
small  number  still  results  in  that  same  small  number.     The  number 
of  zero  exposure  months  per  case  therefore,   has  no  diminishing 
effect  upon  exposure  values. 

*  Page  2,    fourth  full  paragraph  -   "The  use  of  different  exposure 
cut  points  is  potentially  problematic  in  interpreting  the  results 
in  Table  11.      If  exposure  is  expressed  per  unit  time,    the  cut 
points  and  scales  may  be  more  comparable." 

As  a  method  of  addressing  the  variability  in  exposure  values 
which  exist  among  exposure  categories,   peer  reviewers  suggested 
assessing  exposure  using  normalized  exposure  scores  representing 
exposure  per  unit  time.     When  data  were  normalized,    the  effect 
was  to  narrow  the  range  of  potential  exposure  scores  and  thus 
minimize  the  effect  of  more  extreme  exposures  while  eliminating 
cumulative  e:xposu.re  effects.     Normalized,   unadjusted  odds  ratios 
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for  exposure  during  pregnancy  resulted  in  a  positive  association 
between  disease  status  and  exposure  which  was  greater  (O.R.^9.97 
C. I. =1.22, 81.22)   than  that  of  the  non  normalized  (O.R.=5.70, 
C.I. =0.67,   48.25)   results.     The  finding  was  statistically- 
significant  which  was  not  the  case  in  the  non-normalized  results 
The  normalized  data,   as  explained  in  the  text,   confirmed  the 
existence  and  direction  of  a  possible  association  between  water 
exposure  and  disease  status  but  wider  confidence  intervals 
resulted  in  less  stable  statistical  conclusions. 

Table  11  presents  odds  ratios  for  exposure  during  different 
segments  of  the  etiologic  period.     The  different  cut  points 
represent  cumulative  exposure  values  which  are  based  on  differin< 
time  inteirvals  of  exposure.     Tables  10  and  11  have  been  modified 
so  that  exposure  is  presented  in  reference  to  relative 
categories,   not  actual  exposure  values.     The  reader's  attention 
is  now  more  appropriately  drawn  to  the  statir'.^ul    :    1 ai lonships 
associated  with  relative  exposure  rather  thar.  t  r.jT>Tic 
exposure  values.     The  numeric  values  are  more  clt-arly  explained 
within  the  context  of  the  narrative. 

*  Page  2,  fifth  full  paragraph  -  "A  useful  calculation  might  be 
to  assess  what  proportion  of  cases  are  potentially  attributable 
to  consumption  of  contaminated  water  before  and  during  pregnancy 
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Does  this  exposure  potentially  account  for  a  sizable  fraction  of 
the  excess  risk  observed  in  Woburn?" 

Attributable  risks  were  not  calculated  because  the  odds  ratios  on 
which  they  are  based,  were  extremely  imprecise.     The  variability 
of  the  attributable  risk    estimates  would  be  very  great  and, 
therefore,  would  not  be  particularly  informative. 

*  Page  2,   Control  Selection  -  Peer  reviewers  were  concerned 
whether  the  sampling  frame  for  controls  fully  identified  children 
who  would  have  been  eligible  for  the  study  had  the  control 
population  been  selected  concurrently  with  case  development. 
They  state,    "A  key  concern  in  this  study,   as  in  all  case-control 
studies,   is  the  suitability  of  the  control  group  as  a 
representative  sampling  from  the  study  base  that  generated  the 
cases.     Some  additional  tabulations  and  discussion  might  help  in 
judging  the  adequacy  of  controls.     The  overall  strategy  of 
sampling  randomly  from  the  entire  community  of  Woburn  is 
appropriate.     School  records  provide  a  potentially  useful 
sampling  frame  for  generating  the  desired  sample,   but  in  spite  of 
the  detailed  explanation  of  procedures,    it  is  not  clear  whether 
the  sampling  frame  for  controls  fully  identifies  children  who 
would  have  been  eligible  for  the  study  had  it  been  done 
concurrently.     That  is,    if  the  risk  set  had  been  fully  enumerated 
at  the  time  each  case  developed,   how  would  that  risk  set  compare 
to  those  who  actually  constituted  the  sampling  frame  for 
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controls.     Potential  concerns  include  selection  of  controls  for 
preschool  age  children,  children  who  attend  private  schools,  and 
loss  of  potential  controls  due  to  having  moved  after  the  relevant 
diagnosis  date.     Beyond  the  question  of  whether  the  targeted 
controls  are  appropriate  is  the  question  of  whether  non-response 
may  have  distorted  the  patterns."     They  continue,    "Because  the 
water  exposure  model  generates  estimates  based  on  both  location 
of  residence  and  time  period  of  occupancy,   it  is  important  to  be 
certain  that  the  sample  of  controls  is  unbiased  with  respect  to 
those  factors.     A  more  direct  discussion  of  the  potential  for 
bias  in  control  selection  is  warranted,   even  though  it  is  not  at 
all  obvious  that  such  bias  has  occurred.     Along  with  random 
error,   it  is  a  key  source  of  uncertainty  in  judging  the  validity 
of  the  study  results." 

As  explained  in  the  text,   controls  were  selected  from  the 
graduating  class  year  of  Woburn  Public  School  aged  children  to 
which  the  case  belonged.     By  the  date  of  control  selection  all 
study  subjects  were  at  least  of  elementary  school  age.  This 
means  that  the  complete  public  school  cohorts  of  children 
diagnosed  as  pre-schoolers  was  available  from  the  public  school 
records  at  the  time  of  control  selection. 

The  school  record  cohort  is  somewhat  different  from  the  birth 
cohort .  Use  of  a  birth  cohort  would  have  created  a  much  more 
difficult  situation  for  tracking  children  than  a  cohort  selected 
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from  school  records.     School  records  are  updated  at  least  each 
school  year  and  changes  of  address  are  recorded.     If  a  person 
were  to  leave  the  Woburn  Public  School  System,   the  address  to 
which  records  are  forwarded  is  often  recorded  allowing  for  the 
obtainment  of  a  valid  address  outside  of  the  Woburn  area. 
Not  all  cases  were  born  in  Woburn.     Using  a  birth  cohort  as  a 
source  of  controls  would  have  required  that  a  birth  cohort  for 
children  born  in  the  case's  birth  town  would  have  to  be  obtained. 
This  would  have  required  searching  for  controls  in  other  towns  or 
other  states  based  upon  birth  address  alone,  an  extremely  time 
consuming  and  impractical  process. 

Also  lost  from  this  cohort  are  those  individuals  who  attended 
transferred  to  private  schools.     If  a  child  of  a  Woburn  resident 
never  attended  Woburn  public  Schools  but  began  elementary  school 
in  a  private  facility,   then  they  would  not  be  represented  in  the 
cohort . 

Control  selection  is  therefore  affected  in  that  certain  children 
who  entered  private  schools  early  in  their  public  school  careers 
or  moved  from  Woburn  before  entering  school  were  not  part  of  the 
control  selection  cohort.  Children  who  may  have  entered  private 
schools  during  high  school  would  have  had  permanent  record  cards 
on  file  at  the  High  School  and  would  have  been  included  in  this 
pro j  ect . 
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The  control  selection  process  is  therefore  not  necessarily  that 
which  would  have  been  used  if  controls  were  selected  from  cohorts 
concurrent  with  case  diagnosis.     It  is  difficult  to  assess  what 
effect  the  loss  of  students  attending  private  schools  would  have 
on  the  control  population.     Those  that  are  lost  from  the  control 
cohort  population  are  more  likely  of  higher  socioeconomic  status 
(SES) .     The  public  school  cohort  may  therefore  have  been  of 
slightly  lower  SES  than  the  general  Woburn  population. 

The  water  exposure  model  demonstrated  the  majority  of  water 
exposure  to  be  in  East  Woburn  although  up  to  two  thirds  of  Woburn 
received  some  contaminated  water  while  the  wells  were 
functioning.     East  Woburn  contains  residences  v/ith  a  mix  of  SES. 
It  is  likely  therefore  that  small  shifts  in  the  SES  of  the 
control  cohort  resulted  in  any  difference  in  the  likelihood  of 
exposure  to  Wells  G  and  H  water  when  the  public  school  cohort  and 
the  city-wide  age  specific  cohorts  are  compared. 

Confounding 

*  The  peer  reviewers  state,    "The  two  strategies  for  controlling 
confounding  were  to  use  a  composite  score  or  include  all  pre- 
selected covariates  in  a  logistic  regression  model .  An 
alternative  not  considered  was  selective  inclusion  of  only  the 
subset  of  individual  variables  that  generated  a  change  in  the 
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coefficient  for  the  variable  of  interest.     In  fact,    there  was 
little  effort  to  identify  the  potential  risk  factors  that 
actually  appeared  to  be  associated  with  childhood  leukemia  in 
these  data   (e.g.,   dental  x-rays)   as  a  restricted  set  of  potential 
confounders  to  be  controlled  in  the  analysis.     It  appears  that 
there  was  little  confounding  overall  and  it  is  quite  possible 
that  adjustment  for  one  or  two  covariates  would  have  been 
sufficient  to  control  confounding  without  much  loss  of  precision 
relative  to  the  unadjusted  results." 

Peer  reviewers  suggested  reconsidering  the  exposure -outcome 
relationship  while  controlling  independently  for  each  of  the 
covariates  showing  in  Table  22.     Results  of  each  analysis 
demonstrated  adjusted  odds  ratios  which  were  close  to  those 
obtained  in  the  original  composite  covariate  analyses    (Table  8) . 
For  the  period  during  pregnancy  for  example,   the  original 
adjusted  composite  covariate  odds  ratio  value  was  8.33  (C.I.= 
0.73,94.67)   while  the  odds  ratio  for  the  period  during  pregnancy 
adjusted  for  the  effect  of  breast  feeding  revealed  an  odds  ratio 
of  9.29    (C . I . =0 . 64 , 133 . 7) .       Exposure  during  pregnancy  continued 
to  demonstrate  the  strongest  exposure  relationship.     This  was 
most  evident  when  results  were  adjusted  for  dental  x-ray  exposure 
during  pregnancy   (O.R.=  10.38,   C .  I .  =0 . 72 , 149 . 2 )   compared  to  the 
composite  adjusted  odds  ratio  value    (O.R.=8.33,   C . I . =0 . 73 , 94 . 67 )  . 
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To  assure  the  most  complete  understanding  of  these  covariates  as 
potential  confounders,  a  new  composite  covariate  was  created 
using  the  Tukey  method  as  described  in  the  text  with  the 
covariates  listed  in  table  22  and  also  including  the  dental  X-ray 
covariate.     Adjusted  odds  ratios  were  similar  to  those  presented 
on  table  8.     For  the  period  before  conception  for  example,  the 
original  composite  covariate  revealed  an  odds  ratio  of  2.61 

(C. I .=0 .47, 14 .37)   while  adjusting  with  a  composite  covariate 
based  on  the  variables  in  table  22  revealed  an  odds  ratio  of  3.36 

(C. I . =0 . 42 , 27 . 3 )     The  exception  was  the  odds  ratio  describing  the 
relationship  for  exposure  during  pregnancy.     The  odds  ratio  for 
this  relationship  rose  from  the  original  adjusted  value  of  8.33 

(C.I. =0.73,    94.67)    to  148.4    (C . I . =1 . 29 , 17037 . 9 ) . 

Although  the  odds  ratio  is  statistically  significant,  the 
instability  of  the  statistical  calculation,   demonstrated  by  the 
large  confidence  intervals,   warns  that  these  results  should  be 
interpreted  with  caution.     Adjusting  for  the  main  effects  that 
demonstrated  a  statistical  association  has  shown  that  the 
relationship  between  exposure  during  pregnancy  and  disease 
outcome  continues  to  demonstrate  a  presence  after  adjustment  for 
all  reasonable  covariates  either  plausible  as  indicated  in  the 
literature  or  possible  as  demonstrated  in  univariate  analysis. 

*   Paragraph  1  -  The  peer  reviewers  comment  that,    "results  of  the 
study  are  comprehensively  presented,    including  the  needed 


descriptive  tabulations  and  unadjusted  measures  of  association. 
Examination  of  risk  for  specific  time  windows  is  a  very  useful 
strategy.     Although  the  imprecision  of  risk  estimates  is  known  to 
be  a  major  source  of  uncertainty,   the  repeated  notation  of  which 
measures  of  association  are  and  are  not  statistically  significant 
is  unnecessary." 

The  text  was  trimmed  to  eliminate  repetitive  statements 
concerning  significance. 

*  Paragraph  3  -  "Some  specific  observations  were  not  given  as 
much  attention  or  comment  as  they  might  deserve.     There  were 
relatively  large   (although  non-statistically  significant) 
differences  in  risk  observed  in  Table  13  when  accounting  for 
types  of  leukemia.     This  table  appears  to  suggest  a  very  large 
effect  for  AML/CML  cases  on  the  risk   (since  the  risk  is  elevated 
from  2.8  to  5.7  based  solely  on  4  more  cases),   which  i-.hould  be 
noted  and  interpreted  in  the  text . " 

Peer  reviewers  note  that  AML/CML  cases  exert  a  strong  tffect  on 
relative  risk  when  included  in  the  study  population.     Odds  ratios 
for  the  ALL  cases  alone  is  2.86  and  goes  up  to  5.69  when  AML/CML 
cases  are  included.     Based  on  the  fact  that  there  are  only  four 
AML/CML  cases,    this  small  number  of  cases  in  these  subtypes  makes 
interpretation  regarding  the  significance  of  this  observation 
fairly  limited. 
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*  Paragraph  4   -   "A  more  extensive  effort  to  compile  the 
literature  specific  to  environmental  exposures  and  childhood 
leukemia  would  be  helpful  in  providing  the  context  for  these 
results.     Although  studies  are  cited  in  a  general  way,  the 
evidence  specifically  on  exposure  to  organic  solvents  during 
pregnancy  and  subsequent  risk  of  leukemia  in  the  offspring  should 
be  scrutinized,    for  example.     Other  peripherally  relevant  studies 
of  these  agents  in  relation  to  adult  leukemias,  birth  defects  and 
other  adverse  pregnancy  outcomes,   or  health  effects  in  general 
should  be  considered.     A  fiirm  judgement  of  whether  contaminated 
water  caused  the  increased  risk  of  leukemia  is  not  possible  but  a 
better  assessment  of  that  possibility  could  be  made  based  on  more 
details  of  other  relevant  studies." 

A  review  of  the  literature  has  revealed  limited  evidence  specific 
to  exposure  to  organic  solvents  or  any  other  chemical  agents  and 
their  effect  during  pregnancy  and  subsequent  risk  of  leukemia. 
Little  evidence  in  the  literature  means  speculation  legarding 
cause  and  effect  is  more  open  for  interpretation. 

SPECIFIC  COMMENTS  BY   INDIVIDUAL  REVIEWERS 

The  page  numbers  referred  to  in  this  portion  of  the  document  are 
the  page  numbers  in  the  childhood  leukemia  report  version  for 
which  the  peer  reviewers  had  comments. 
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Comments  from  David  Savitz 
Executive  Summary 

*  Page  2  -  The  reviewer  commented,    "The  general  methods  of 
control  selection  should  be  described." 

Control  selection  has  been  discussed  in  more  detail  in  the  final 
version . 

*  Page  2  -  The  reviewer  commented,    "Selection  of  results  for 
presentation  solely  on  the  basis  of  statistical  significance 
rather  than  the  interest  or  importance  of  the  question  is  not  a 
good  strategy." 

Results  have  been  presented  with  more  of  a  balance  between 
significance  and  importance  of  the  question. 

*  Page  3   -  Peer  reviewers  commented,    "Results  Icr  dose  -  response 
analysis  should  include  estimates  of  relative  risk,   not  just  p- 
values  for  trend. . .The  breast  feeding  results  should  be  tempered 
given  contradictory  evidence  in  other  studies." 

Conclusions  regarding  the  association  between  breast  feeding  and 
leukemia  have  been  tempered  from  earlier  drafts. 
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Introduction 


*  Page  4,  paragraph  1  -  The  reviewer  commented,    "Is  the  absence 
of  an  unusual  geographic  pattern  in  childhood  leukemia  mortality 
discrepant  with  a  geographic  pattern  to  the  exposure?" 

Geographic  patterns  of  leukemia  incidence  are  not  discrepant  with 
the  geographic  patterns  to  exposure. 

*  Page  24  -  The  reviewer  commented,    "In  the  section  on  solvents, 
tobacco,   etc.,   there  needs  to  be  a  much  clearer  separation  of 
evidence  related  to  childhood  leukemia  versus  adult  leukemia. 
Current  wisdom  would  suggest  that  the  adult  leukemia  studies  may 
have  little  relevance  to  risk  factors  for  childhood  leukemia." 

Adult  and  childhood  leukemia  literature  have  been  more  clearly 
distinguished  in  this  version  of  the  document. 

*  Page  27   -  The  reviewer  commented,    "Some  literature  citations 
are  needed  in  the  first  paragraph." 

Appropriate  citations  have  been  added. 

Methods 
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*  Page  3  2  -  The  reviewer  commented, "Matching  in  case -control 
studies  does  not  control  confounding  but  creates  balanced  groups 
that,   when  properly  analyzed,   make  it  easier  to  control 
confounding." 

The  text  was  adjusted  to  reflect  this  correction. 

*  Page  42  -  "Did  cases  have  a  similar  restriction  to  that 
described  for  controls  with  regard  to  when  they  had  to  have 
attended  school?" 

Cases  and  controls  met  the  same  school  attendance  criteria. 

*  Page  59  -  The  reviewer  commented,    "Trimesters  are  13  rather 
than  15  weeks" . 

The  misstatement  regarding  trimester  length  was  corrected. 

*  Page  67  -  The  reviewer  commented,    "Should  say  'lowest  exposure 
group'  not  tertile." 

The  appropriate  adjustment  was  made  to  the  text  as  suggested. 

*  Page  6  9  -  The  reviewer  commented,    "In  discussing  confounding, 
it  should  be  acknowledged  that  we  actually  know  very  little  about 
determinants  of  childhood  leukemia  and  that  the  list  includes 
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many  variables  of  potential  interest  which  may  well  not  be  risk 
factors  at  all .  " 

The  discussion  regarding  confounding  has  been  adjusted  to  explain 
that  the  variables  of  interest  may  in  fact  not  prove  to  be  risk 
factors. 

*  Page  70  -  The  reviewer  commented,    "How  did  you  define 
'significantly  affect'   in  quantitative  terms?" 

The  word  "significantly"  was  removed  from  this  portion  of  the 
narrative.     The  terms  of  the  model  were  selected  to  provide  the 
least  complex  model  without  affecting  the  odds  ratio. 

Results 

*  Page  72  -  The  reviewer  commented,  "What  wa;  •••  !.r..ii  ♦,:ifctive 
control  response  proportion?" 

There  were  nineteen  eligible  controls  who  did  not  participate  in 
the  study.     Thirty  seven  eligible  cases  participated  making  a 
total  of  fifty  six  eligible  controls.     This  means  that  19/56  or 
66%  of  the  eligible  controls  responded. 


*  Page  73   -   "Distinguish  between  ineligible   (who  should  not  be 
counted  in  calculation  response  proportion)   and  refusals  (who 
should  be  counted) . " 

The  text  has  been  changed  to  distinguish  between  ineligibles  and 
refusals  in  calculation  of  refusal  rates. 

*  Page  74  -  The  reviewer  commented,    "In  selecting  parents,    it  is 
not  clear  whether  distinctions  were  made  for  biological  versus 
adoptive  parents,   and  whether  fathers  and  mothers  had  to  be 
currently  married  for  the  father  to  be  inter-viewed.     This  should 
be  clarified  in  the  Methods  section." 

This  point  is  now  explained  more  clearly  in  the  text.  All 
interviewed  parents  were  biological  parents.     It  was  our  intent 
to  interview  each  parent  regardless  of  marital  status  or  length 
of  residence  with  the  study  subject.- 

*  Page  75  -  The  reviewer  commented,    "First  full  sentence: 
Something  is  wrong  with  this  sentence." 

The  sentence  has  been  corrected. 

*  Page  76,    8-10  lines  from  the  bottom  -  Reviewers  commented, 
"This  is  confusing  and  not  quite  correct  in  describing  what  an 
odds  ratio  is.      It  is  the  odds  of  exposure  among  cases  versus 
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controls;  nonexposed  cases  are  the  denominator  of  the  odds  of 
exposure  among  cases  and  similarly  for  the  controls." 

The  description  of  an  odds  ratio  has  been  corrected  as  suggested. 

*  Page<=^  83  and  86  -  The  reviewer  commented,    "Here  and  elsewhere 
that  statistical  tests  are  performed,   it  would  be  preferable  to 
provide  the  actual  p-value  rather  than  to  note  only  whether  or 
not  it  was  significant."  They  further  comment,    "Selection  of 
statistically  significant  results  for  presentation  is  not  a  good 
strategy.     Given  the  need  to  be  selective  since  so  many  odds 
ratios  were  generated,   those  that  are  based  on  questions  of 
interest  and  where  prevalence  is  adequate  to  study  would  be  the 
most  important,   regardless  of  whether  an  association  was  found. 
Also,   there  is  no  clear  logic  to  the  sequence  of  the 
presentation,   making  it  hard  to  follow  the  flow  of  information. 
Environmental  exposures  might  be  grouped,    for   ♦  y..iT  I .  • 

Results  of  tests  of  significance  have  been  prov:d*'d  m  the 
narrative  for  associations  which  seem  plausible  in  relation  to 
disease  outcome  and  in  circumstances  of  statistical  significance. 
In  other  instances,    the  reader  is  referred  to  tables  for  complete 
statistical  results. 

*  Page  91,    92:     The  reviewer  commented,    "Presentation  of  a 
summary  of  results    (not  just  in  appendix)   would  be  useful." 
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As  there  were  very  few  positive  responses  to  this  series  of 
questions,  presenting  a  summary  in  the  narrative  portion  of  this 
report  was  not  felt  necessary. 

*  Page  92,    ten  lines  from  the  bottom     -  The  reviewer  commented, 
"Which  direction  was  the  age  association  --  higher  risk  with 
older  or  younger  maternal  age?" 

The  children  of  older  mothers  were  not  at  greater  risk  than  those 
of  younger  mothers . 

*  Page  93  at  the  bottom  -  The  reviewers  commented,  "Put 
employment  information  with  occupation  results." 

The  employment  information  was  included  with  the  occupational 
results  but  mentioned  in  this  portion  of  the  report  as  it  was 
part  of  the  univariate  analyses. 

*  Page  94,   paragraph  3  -  The  reviewer  commented,    "Why  doesn't  6 
exposed  controls  and  0  exposed  cases  generate  an  odds  ratio  of 
0.00  ? " 

The  text  was  adjusted  accordingly. 

*  Page  95,   Bottom  -  The  reviewer  commented,    "The  low  prevalence 
of  breast  feeding   (presumably  for  any  period  of  time)    is  so 


notable  that  it  calls  into  question  the  results.     This  might  be 
mentioned  in  the  discussion. " 

* 

The  discussion  was  adjusted  accordingly. 

*  Page  99-102  -  The  reviewers  commented,    "The  EMF  results  are 
made  far  more  convoluted  and  confusing  than  they  need  to  be.  You 
could  start  by  creating  variables  for  specific  times  such  as 
'wire  code  at  diagnosis'   to  analyze  and  avoid  pools  of  homes 
without  regard  to  time  of  occupancy.     Given  measurement  data, 
there  are  three  discreet  groups:     Very  high  current 
configuration,   ordinary  high  current  configuration,  and 
everything  else.     You  could  group  the  lowest  categories  together 
and  present  the  results  for  the  other  contrasts    (OHCC  vs.  low, 
VHCC  vs.   low) .     It  is  not  necessary   (and  is  somewhat  confusing) 
to  present  so  many  others . " 

With  the  amount  of  concern  the  community  has  expressed  regarding 
EMF  and  its  effect  on  leukemia  incidence  in  Woburn,   we  are 
reluctant  at  this  point  to  cut  back  on  the  level  of  detail 
presented  in  the  text.     We  may  choose  to  modify  this  section 
after  the  public  comment  period  for  this  report . 

Discussion 
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*  Page  113  -   "The  contradictory  literature  on  breast  feeding  and 
childhood  cancer  should  be  cited." 

The  literature  regarding  breast  feeding  and  childhood  cancer 
seems  neither  to  support  nor  deny  this  relationship. 

*  Page  114,  4  lines  from  the  bottom:   -   "Underground  wiring  is  not 
assumed  to  have  zero  exposure  but  rather  to  be  in  the  lowest 
group . " 

This  comment  was  noted  and  the  text  was  adjusted  accordingly. 

*  Page  116  Bottom  -  "It  is  not  clear  why  the  observed 
distribution  of  wire  code  categories  suggests  that  'Woburn's 
neighborhoods  are  older. . . ' . " 

The  wire  code  categories  themselves  were  not  the  indicators  of 
community  stability.     Observations  made  and  information  learned 
while  reviewing  the  demographics  of  this  community  lead  to  this 
conclusion.     The  text  was  adjusted  to  state  this  more  clearly. 

Responses  to  Dr.  Stanek's  specific  comments: 

*  Page  19,   lines  11  to  8  -  The  reviewer  comments,    "I  don't  see 
how  the  difference  in  the  spike  will  result  in  the  conclusion  you 
attribute  to  it." 
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The  limited  medical  attention  this  population  receives  would 
preclude  the  diagnosis  of  leukemia  in  early  childhood.     It  may  be 
that  this  population  is  not  less  susceptible  to  leukemia  but  that 
the  medical  attention  required  for  diagnosis  is  simply  not 
available.     Leukemias  would  go  undiagnosed  and  causes  of  death 
would  be  inccrj.ect  or  unknown. 

*  Page  28,   lines  3-5  and  35  line  4  -  Reviewer  Comments,  "Awkward 
sentence  structures  and  references  for  1981  study  need  to  be 
included. " 

References  added  and  sentence  structures  were  adjusted  as 
suggested . 

*  Page  55,   top  paragraph  -  Reviewer  comments,    "The  evaluation  of 
the  water  model  indicates  that  there  will  be  a  substantial  miss- 
classification  of  exposure  measures  for  individual  subjects  based 
on  the  test  data.     Such  misclassif ication  will  bias  risk 
estimates  down.     Does  this  deserve  some  discussion?" 

The  issue  of  water  model  misclassif ication  has  now  been  addressed 
in  more  detail  throughout  the  text. 

*  Page  66,    line  8   -  The  reviewer's  comments,    "I  feel  you  should 
expand  on  your  description  of  the  model.     You  use  a  proportional 
hazards  model  to  fit  the  conditional  logistic  regression  model  to 
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case/control  status.     The  report  never  seems  to  state  that 
clearly,   nor  to  reference  the  connection  between  the  analysis. 
This  should  be  amplified.     There  is  some  discussion  of  this  on 
page  71.     However,   you  never  write  out  a  model  equation,  or 
reference  the  method   (other  than  a  general  reference  to  the  SAS 
program) . " 

A  more  thorough  discussion  of  the  model  has  been  added  to  the 
text .  _ 

*  Page  68,    line  6   -  The  reviewer's  comment,    "Use  of  Tukey' s 
suggestion  for  collapsing  covariates  may  be  reasonable. 
Additional  information  that  would  have  been  valuable  is  an 
evaluation  of  the  sensitivity  of  the  choice  of  coefficients  for 
the  collapsing,    since  the  method  seems  somewhat  at  hoc. 

More  detail   regarding  the  coefficient  choices  has  been  added  to 
the  section  concerning  confounding. 

*  Page  74,    line  9  -  The  reviewer's  comment,    "Figure  1  is  unclear. 
It  would  help  to  identify  the  interval  for  case  detection  that 
you 

have  used  when  plotting  cases." 

As  stated  in  the  text,  each  point  on  the  X  axis  represents  those 
cases  diagnosed  in  that  particular  calendar  year. 
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*  Page  76,    line  6   -   "I  don't  find  the  ranges  reported  in  table  7 
of  much  value.     Why  not  report  medians,  quartiles,  or  other 
descriptive  statistics." 

The  ranges  were  reported  to  give  the  readers  a  sense  of  the 
potential  exposure  values  that  could  be  expected  per  unit  time. 

*  Page  80,   line  11  -  The  reviewer's  comment,    "I  am  missing  the 
rationale  for  the  trimester  analysis,   other  than  being  another 
interesting  thing  to  look  at.     Do  you  have  any  rationale  for 
expecting  a  difference  in  one  direction  or  another?     It  seems 
somewhat  like  a  fishing  expedition,    and  has  principally 
descriptive  value.     What  conclusions  do  you  make  from  your 
analysis  results?" 

Examining  exposure  by  trimester  assesses  the  poscib:iit\'  that  th 
fetus  may  have  been  more   sensitive  to  envi ronni-^it    1  mIi  at 

different  times  throughout  the  pregnancy,    particuldiiy  crnly  in 
the  pregnancy  when  fetal  organogenesis  proceeds  most   rapidly.  I 
low  levels  of  exposure  were  to  have  an  effect  on  the  tetus,  it 
would  likely  happen  at   this  most  sensitive  time. 

*  Page  83,    lines  5-9   -  The  reviewer's  comment   -    "Did  you  do  any 
analysis  to  evaluate  the  sensitivity  to  your  dose 
classification?" 
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The  sensitivity  of  the  dose  classification  has  been  addressed 
more  extensively  in  this  version  of  the  document  in  the 
discussion  of  the  Murphy  Water  Model . 

*  Page  85,   line  6  to  4  -  Reviewer's  Comment,    "None  of  the  results 
are  significant.     The  ALL  results  are  weaker.     You  seem  to  be 
'beating  the  drum'  here." 

The  major  focus  of  this  investigation  was  the  feasibility  of 
water  as  the  vehicle  for  human  exposure.     The  survey  instrument 
was  designed  with  questions  which  serve  as  redundant  verifiers  of 
water  consumption.     We  have  included  assessments  of  water 
exposure  based  on  all  of  these  variables  to  provide  the  maximum 
assurance  that  the  best  possible  understanding  of  water  exposure 
was  used  to  assess  cause  and  effect . 

*  Page  96,    line  10   -  Reviewer's  Comment,    "Thi:-.    i..  -         <  :    t  h^-  lew 
results  statistically  significant,   but  is  undci    l^ll^'d.  More 
discussion  is  warranted.     Do  you  consider  it  a   'chance'  finding?'' 

As  discussed  in  the  text,    this  relationship,  although 
statistically  significant  was  based  on  six  case  mothers  and  two 
control  mothers  responding  positively  to  the  X-ray  use  question. 
The  instability  of   the  statistical  calculation  warns  that  these 
results  be  interpreted  with  caution  and  certainly  their 
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likelihood  as  a   'chance'    finding  should  not  be  ignored.      Five  of 
the  eight  mothers  were  not  sure  if  a  lead  apron  shield  was  used 
during  the  X-ray  procedure.     A  more  complete  account  of  the  use 
of  lead  shields  during  these  procedures  would  provide  insight 
regarding  the  amount  of  exposure  likely  to  have  occurred  and 
therefore  whether  che  X-ray  exposure  association  suggest  a 
plausible  relationship  to  the  onset  of  leukemia  in  offspring . 

*  Page  113,    lines  15-19   -   "More  discussion   (and  possible 
analysis)   of  how  breast  feeding  fits  into  the  picture  for 
incidence  with  the  other  variables  is  warranted." 

This  suggestion  has  been  incorporated  into  the  final  report. 

*  Page  117,    line  7   -  Reviewer's  comments,    "Is  table  13  the  right 
table  to  reference?" 

The  table  number  has  been  corrected. 

*  Page  122,    2nd  paragraph  -  Reviewer's  comments,    "I  don't 
understand  why  the  discussion  brings  in  "sensitive  individuals" , 
or  how  this  adds  to  the  interpretation  of  the  results." 

The  studies  regarding  TCE  which  are  cited  are  occupa t i ona 1 1 y 
based.      Results  sh6w  no  association  to  cancer  in  this  population. 
A  worker  population  however,    tends  to  be  healthier  than  the 


general  population  which  includes  more  environmentally  sensitive 
individuals  such  as  children,   elderly,   and  those  too  ill  to  work. 
It  is  difficult  to  determine  if  the  effect  or  lack  of  effect  from 
an  exposure  received  by  a  healthy  worker  would  be  the  same  as 
that  experienced  by  a  person  more  sensitive  to  adverse  outcome. 

*  Page  125,   lines  12-18  -  "I  think  this  explanation  is  not  very- 
plausible .     Are  subjects  equally  aware  of  other  risk  factors? 
Wouldn't  they  have  to  be  to  bias  the  results  negatively? "~ 

Parents  of  cases  who  believe  water  consumption  was  the  primary 
cause  of  the  illness  and  are  anxious  to  demonstrate  this  through 
our  results  could  bias  results  toward  a  water  association  by 
overemphasizing  their  child's  water  consumption  in  the  course  of 
responding  to  interview  questions.     Parents  do  not  need  to  be 
aware  of  other  risk  factors  for  this  to  occur.  Th»-ii 
overemphasis  of  water  exposure   in  the  contexL   ■  *    !  .;?  1\-  <>:  M-ctive 
responses  to  other  questions  could  result   in  or.  .»m  ii  ic-i.iil\- 
elevated  association  of  the  relationship  between  contaminated 
water  consumption  and  disease  outcome. 

*  Pages  126,    line  8   -   Reviewer's  comments,    "'  .  .  .leukemia  was 
greater  for...'      1   think  this  should  be  toned  down." 

This  suggestion  has  been  incorporated  into  the  document   by  the 
addition  of  qualifying  language  which  more  clearly  explains  the 
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limitations  of  the  conclusions.     In  general,    the  conclusions  are 
based  upon  imprecise  estimates  of  leukemia  risk  because  of  the 
small  number  of  subjects.     This  imprecision  indicates  that  the 
magnitude  of  an  effect  is  indefinite.     When  statistical 
significance  is  not  achieved,   an  estimate  of  risk  that  appears  to 
be  increased  may  in  fact  be  due  to  the  statistical  variability 
inherent  with  estimates  based  on  small  numbers.  However, 
considering  these  limitations,   different  approaches  were  taken  in 
the  analysis  to  assess  the  validity  of  an  association  between 
exposure  to  water  from  wells  G  and  H  and  risk  of  leukemia.  The 
results  consistently  were  in  the  direction  of  an  association 
becween  exposure  and  risk,    although  the  magnitude  of  the 
association  remains  unclear. 

Responses  to  Nancy  Kim' s  Comments 

*   Page  49,    Paragraph  1    -   Reviewer's  comment:    "'It  was  assumed 
that   leakage   flow  was  uniformly  distributed  through  the  system.  ' 
Given  this  assumption,   what  is  its  basis  and  could  any  errors  be 
introduced? " 

This  assumption  was  made  based  upon  the  fact  that  there   is  no 
good  historic  data  which  would  indicate  where  major  leaks   in  the 
Koburn  watei    system  are  located  and  that  the  water  model 
validation  study  showed  that  despite  the  fact   that   leakage  data 
v;as  not   included  in  the  model,    it  predicted  water  distribution 
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within  an  acceptable  range.     Dr.   Murphy's  March  1986  report 
states,    'In  1980  the  Pipe  Line  Testing  Service  Company  performed 
a  water  leakage  study  to  determine  the  extent  of  any  leakage  in 
the  water  distribution  system.     Their  report  indicated  very 
substantial  leakage  totalling  1.7  million  gallons  per  day. 
Altiiough  there  is  some  doubt  concerning  the  accuracy  of  this 
amount,   it  was  clear  that  Wobum  had  a  serious  leakage  problem. 
Since  residential  users  are  billed  on  a  flat  rate  rather  than 
from  meter  readings,   there  is  only  a  poor  description  of "the 
areal  distribution  of  water  use  in  Wobum  at  the  present  time.'" 

In  Dr.  Murphy's  1990  report  describing  his  revised  water 
distribution  model  he  states,    'Although  there  was  some  evidence 
of  significant  leakage  flows, . . . (he  refers  to  the  above 
statement )... because  of  their  uncertain  location  no  attempt  was 
made  to  include  the  spatial  distribution  of   leakage  in  modeling 
the  user  demand  distribution.'" 

If  leakage  flow  was  not  uniformly  distributed,  certain 
neigtibor hoods  would  loose  water  to  the  outside  of  the  system 
faster  than  others  and  the  predicted  values  for  contaminated 
water  distribution  would  be  incorrect.     It  is  not  possible  to 
predict   in  which  direction  the  error  would  skew  the  results 
unless  the  specific  points  of  major  leaks  which  were  occurring  at 
the  time  of   the  wells'   operation  could  be   identified.      If  leaks 
in  the  system  occurred  along  the  path  between  the  contaminated 
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wells  and  the  residences  resulting  in  loss  of  contaminated  water 
from  the  system,    then  the  Murphy  model  may  be  overestimating,  the 
level  of  contaminant  concentration  at  the  tap.     If  leaks  occurred 
predominantly  along  the  path  of  the  uncontaminated  water  lines, 
then  more  contaminated  water  could  have  flowed  into  the  system  to 
meet  household  demands.     There  was  no  evidence  to  suggest  that 
leaks  predominated  in  any  one  particular  area  of  the  water 
supply . 

*  Page  49,    Paragraph  1   -   Reviewer's  comment:  "'-...water 
consumption  was  estimated  by  applying  the  value  of  370  gallons 
per  day  to  each  residential...'     What  is  the  basis  for  this 
assumption?" 

The  hydrogeologist  who  developed  the  water  model  uned  in  Woburn 
consulted  a  Woburn  water  supply  requirements  '  :    -  \ 

which  indicated  that   the  residential  and  corr,-    •  •  j  on 

in  Woburn  was  85  gallons  per  capita  per  day  o  . :  .r  .  .  ■•  •  M  .ilso 
indicated  that  the  user  demand  was  gradually  ^  i  ru;  with  time 

to  100  gallons  per  day  by  1965.     The  census  data  ol    1960  showed 
an  average  of   3.7  people  per  household  and  so  a   "good"  estimate 
of  370  gallons  per  day  per  residential  water  meter  is  based  on 
this  data . 

*  Page  52,    Paragraph   1    -    Reviewer's  comment:    "'Root  mean  .sqnare 
head  difference  was  6.2   feet.'      Can  you  give  the  reader  a 


qualitative  idea  as  to  the  importance  of  the  error  level  and  root 
mean  square  head  difference?" 

Dr.  Murphy,    the  hydrogeo legist  who  developed  the  water  model 
stated  that  although  there  is  a  mathematical  relationship  between 
root  mean  square  head  difference  and  flow  rate  in  a  water  model, 
the  data  necessary  to  fully  understand  this  relationship  for 
Wobum's  water  supply  was  not  available. 

The  purpose  of  the  Wobum  Water  Model  however,   was  to  predict  the 
concentrations  of  contaminated  water  distributed  among 
residential  areas  served  by  Woburn  public  water.     Data  describing 
water  consumption  patterns  and  flov;  rates  over  time  were 
sufficient  to  develop  a  good  understanding  of  the  distribution  of 
water  from  Wells  G  and  H. 

The  best  way  to  predict  the  error  level  of  the  model   then,  was 
through  a  validation  analysis  which  measured  the  predictability 
of  the  contaminated  water  concentration  along  the  system.  The 
validation  analysis,    summarized  in  this  report,   shows  that  the 
model  was  able  to  predict  contaminated  water  concentrations 
within  a  range  considered  sufficient  by  v;ater  model  peer 
reviewers . 
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*  Page  54,   paragraph  1   -  Reviewer's  comment:    "'Overall,  72 
percent  of  the  field  test  predictions  were  within  0.2  of  the 
observed  values.'   Should  the  value  0.2  have  units?" 

The  units  here  are  0.2  ppm. 

*  Page  89,   Paragraph  1  -  Reviewer's  comment:   "'Once  again,  odds 
ratios  demonstrate  no  association  between  occupational  categories 
most  frequently  reported  and  childhood  leukemia  incidence".  '  I 
don't  disagree  with  this  statement  although  I  was  troubled  in 
reading  this  section  by  what  appears  to  be  inconsistencies  as  to 
which  comparisons  are  pointed  out  and  discussed  and  v/hich  were 
ignored.     The  selection  is  not  statistical  significance,    but  what 
is  it?     For  example,    is  it  an  odds  ratio  of   1.5  and  that  is  why 
the  fathers  in  the  durable  goods  manufacturing  industry  were 
discussed  and  why  mothers   in  the  clerical  cat«-  ■  'T-.-  w-  r .  n't,  e.g. 
1.98    {0.63,    4.72)    and   1.40    (0.50,  3.97)?" 

Mam  effects  with  ten  or  more  positive  lespori;-  :    oii'j  witti  an  odds 
ratio  of  1.5  or  greater  were  included  in  the  .node]   and  discussed 
in  the  text.     Main  effects  which  are  commonly  associated  with 
cancer  incidence  or  of  particular  interest  to  the  Woburn 
community  were  also  highlighted. 

*  Page  99,  Paragraph  3  -  Reviewer's  comment:  "'Foi'ty-six  of  the 
seventy- three  study  subjects  addresses    (631.)    were  classified  as 
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OLCC'  I  may  have  missed  it,  but  I  couldn't  find  the  definition 
of  OLCC,   VHCC,  etc. 


OLCC  is  an  acronym  for  "ordinary  low  current  configuration",  VHCC 
is  an  acronym  for  "very  high  current  configuration" .     The  full 
wording  has  been  inserted  into  the  text  here  and  was  discussed  in 
detail  in  the  methods  section. 

*  Page  108,   Sentence  3  -  Reviewer's  comment:    "'Although  ~ 
confidence  intervals  are  extremely  wide  for  odds  ratios  of 
individual  pregnancy  strata,    a  test   for  trend  is  significant 
suggesting  the  existence  of  a  dose -  response  relationship  between 
wells  G  and  H  water  and  childhood  leukemia  for  exposure  during 
pregnancy.  '      I  am  uncomfortable  with  this  and  some  other 
statements  which  focus  on  the  importance  of  the  dose -response 
relationship,   given  the  description  of  the  exposure  data. 
However,    if  additional  data  clearly  show  a  di  £  L  ei  ciic<  •    i  :,  <.  xposure 
between  the  two  non-zero  dose  groups,    my  concern  wj  J  ]  i>-- 
diminished . " 

As  a  result  of  the  peer  review  of   this  document,    the  text  has 
been  edited  to  include  more  qualifying  language  regarding  the 
associations  between  water  exposure  and  leukemia  incidence.  The 
dose  -  response  relationship  referred  to  m  this  particular  comment 
has  been  qualified  as,  part  of   this  process.     Qualifying  language 
added  to  the  conclusions  states,    "In  general,    the  conclusions  are 
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based  upon  imprecise  estimates  of  leukemia  risk  because  of  the 
small  number  of  subjects.     This  imprecision  indicates  that  the 
magnitude  of  an  effect  is  indefinite.     When  statistical 
significance  is  not  achieved,   an  estimate  of  risk  that  appears  t 
be  increased  may  in  fact  be  due  to  the  statistical  variability 
inherent  with  estimates  based  on  small  numbers.  However, 
considering  these  limitations,  different  approaches  ere  taken  in 
the  analysis  to  assess  the  validity  of  an  association  between 
exposure  to  water  from  Wells  G  and  H  and  risk  of  leukemia.  The 
results  consistently  were  in  the  direction  of  an  association 
between  exposure  and  risk,    although  the  magnitude  of  the 
association  remains  unclear." 

*  Page  109,   Sentence  1   -  Reviewer's  comment:      "'The  tap  water 
question  must  be  interpreted  with  caution  however  as  respondents 

were  likely  to  be  aware  of  the  comrriunity '  s  concerns  regarding  il 
health  and  exposure  to  contaminated  public  water.'     This   is  a 
reasonable  qualifier,    but  these  types  of  qualifications  are  not 
carried  over  into  the  executive  summary." 

The  executive  summary  has  now  been  qualified  to  the  same  degree 
as  the  main  report . 

*  Page  116,    Paragraph  2   -   Reviev;er's  comment:    "'Odds  ratios 
resulting   from  the  relationship  between  wire  code  configuration 
and  clulcihood  leukemia  do  not  support  a  positive  association 


between  wire  code  and  leukemia  incidence.'     As  mentioned 
previously,    the  criteria  for  stating  when  odds  ratios,  not 
statistically  significant,   are  considered  a  positive  association 
and  when  they  are  not  need  to  be  defined." 

The  criteria  for  the  presentatioxx  of  odds  ratios  in  the  <-cxt  cire 
explained  in  the  response  to  comments  for  page  89,   paragraph  1, 
above . 

*  Page  123,   Paragraph  1  -  Reviewer's  comments,  "'Alternatively, 
fetal  susceptibility  to  potential  drinking  water  contaminants 
could  reflect  high  dose  exposure.     Regular  maternal  ingestion 
could  lead  to  sustained  blood  levels  or  even  concentrations  in 
fetal  tissues.'     This  sentence  should  be  rewritten  so  the  meaning 
is  clear.      In  fact,    the  statement  may  not  be  necessary,   given  the 
sentence  that  follows . " 

The  sentence  "Alternatively,  fetal  susceptibility  tio  potential 
drinking  water  contaminants  could  reflect  high  dose  exposure . " 
has  bee  removed  from  the  text . 

*  Page  126,    Paragraph  1   -   Reviewer's  comments,    "'  ...showed  a 
significantly  positive  relationship  to  the  amount  of  water 
mothers  consumed.'      Would  the   following  statement  be  more 
accurate?      'Showed  a  significantly  positive  relationship  to  the 
contaminant   levels  in  the  water  delivered  to  the  households.'" 
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This  sentence  has  been  adjusted  as  suggested. 

*  Page  128,   Paragraph  1  -  Reviewer's  comments,    "'ongoing  cancer 
incidence  surveillance  will  provide  information  to  suggest 
whether  control  of  environmental  hazards  in  Woburn  has  coincided 
with  a  -.nore  predictable  rate  of  childhood  leukemia  incidence.' 
Isn't  it  more  accurate  to  refer  to  the  control  of  specific 
contaminants  in  drinking  water  rather  than  environmental 
hazards?"  ^ 

The  reviewer  is  correct  in  stating  that  the  main  issue  is  the 
control  of  drinking  water  contaminants. 

*  Table  10  -   "Some  of  the  data  in  this  table  are  not  consistent 
with  the  data  in  Table  6.     The  number  of  cases  in  the  never 
exposure  category  for  the  exposure  time  period  from  2  years 
before  conception  diagnosis  is  4   in  table  6;   however,    the  number 
of  cases  with  the  0.00  exposure  score  in  table  10  for  the  same 
exposure  period  is  3 .     A  similar  problem  occurs  with  the  exposure 
time  period  '"during  pregnancy"  .      In  addition,    the  third  exposure 
category  for  most  of  the  time  periods  has  a   '<'    sign  before  it; 
the  sign  should  be   '>' .      In  table  11,    some  of  the  signs  are 
omitted  and  need  to  be  added." 

The  study  sub j ect • f requenc i es   in  tables  6  and  10  have  been 
corrected.      In  table  6  the  exposure  time  period   from  2  years 
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before  conception  to  case  diagnosis  has  3  cases  in  the  "Never" 
category  and  16  cases  in  the  "Ever"  category.     In  table  10  for 
the  same  exposure  time  period  there  are  3  cases  in  the  "Never" 
exposure  category,    9'  cases  in  the  "Least"  exposure  category,  and 
7  cases  in  the  "Most"  exposure  category. 

For  the  exposure  time  period  during  pregnancy  in  table  6  there 
are  9  cases  in  the  "Never"  exposure  category  and  10  cases  in  the 
"Ever"  exposure  category.      In  table  10  for  the  same  time  -period 
there  are  9  cases  in  the  "Never"  exposure  category,    3  cases  in 
the  "Least"  exposure  category,   and  7  cases  in  the  "Most"  exposure 
category . 

Tables  10  and  11  have  been  modified  so  that  exposure  categories 
are  defined  as   "Never",    "Least",   and  "Most"   to  alleviate 
confusion  regarding  the  interpretation  of  differences   in  exposure 
values . 
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APPENDIX  III 
Histology  Codes 


I 

APPENDIX  III 

1 


ICD-O  (International  Classification  of  Diseases  for  Oncology) 
codes  used  to  define  lcuke*^la  as  part  of  the  case  definition  for 
this  study.  i 


Histology  codes/Primary  site  169.1 
ICD-O  0   9800-9940,  9951 


APPENDIX  IV 
Case  Contact  Letter  for  Families  who 
Participated  in  the  MDPH  1981  Childhood  Leukemia  Study 


/60  ^rrmont/'Jlr^^ 


WMliam  F.  WeW 


Governor 
Charles  O.  Baker 

Secretary 
David  H.  Mulligan 
Commissior>er 


Mr.  and  Mrs.,  (case  family  name)  _^ 
27  N-  Maple  Street 
Wobum,  MA  01801 

Dear  Mr.  and  Mrs.  : 

I  am  writing  to  you  today  to  enlist  your  assistance  in  the  Massachusetts 
D^>artment  of  Public  Health's  (MDFH)  ongoing  investigation  of  the  elevated 
rate  of  childhood  lookemia  in  Wcbum.    We  greatly  appreciated  your  past 
oooperaticn  and  hope  that  you  will  participate  in  the  continued 
investigation  of  this  inportant  public  health  ccHTcem. 

Vlhile  most  families  of  childhood  leukemia  cases  have  been  interviewed  by 
MDFH  between  1981  and  1987,  our  present  goal  is  to  interview  all  case 
families  with  a  more  ccsiprehensive"  interview  than  was  previously  used.  We 
will  be  examining  medical,  biologic,  genetic  and  environmental  factors 
that  were  not  identified  at  the  time  of  the  1981  study  and  so  were  not 
asked  during  the  earlier  interview. 

Your  participation  will  involve  an  interview  to  be  held  in  your' hems  or  at 
a  ocnvenierrt  place  of  your  choosing,    l^ie  interview  will  take 
apprxiximately  CHie  hour  and  a1 1  re^jonses  as  well  as  names  of  a1 1 
participants  will  be  kept  strictly  confidential .    Questions  will  be  about 
your  work  and  residential  histories  and  you  and  your  child's  hobbies  and 
mediccil  histories.    In  ortSer  for  us  to  ocaiplete  the  interview  fully  we  ask 
that  both  parents  be  present,  if  possible. 

We  want  you  to  understand  your  cocperaticHi  is  ccaipletely  voluntary  and  you 
have  the  right  to  withdraw  frcm  the  interview  at  any  time.    No  data  cn 
individuals  will  be  revealed  or  r^xDrted  that  would  identify  you  to  anyone 
outside  this  project. 

An  interviewer  from  the  D^iartment  of  Public  Health  will  contact  you 
within  ten  days  to  invite  your  participation  and  arrange  a  convenient  time 
to  conduct  the  interview. 


Date 


Hie  suoc3ess  of  the  study  d^jends  xjpon  obtaining  information  frcm 
everyone.    Your  cx>Dperaticai  is  inportant  and  greatly  c^reciated-    VJe  feel 
the  information  you  provide  us  may  greatly  cxMitribute  to  a  better 
understanding  of  childhood  disease  in  Wobum.    If  you  have  any  questioTs 
or  ocnoems  about  this  study,  please  feel  free  to  cxxrtact  me  at  (617) 
727-7170. 


Sincerely, 


Pobert  S.  Khorr,  Ph.D. 
Chief,  EiTvironmental 

Epidemiology  Unit 
Ihe  Division  of  Environrcsntal 

Epideaniology  and  ToKicology 


APPENDIX  V 
Case  Contact  Letter  for  Families  who  were  not 
Part  of  the  MDPH  1981  Childhood  Leukemia  Study 


Waiiam  F.  WeW 


Governor 


Charles  O.  Baker 


Secretary 


Oavid  H.  MulCgan 
Commissioner 


Date: 


Mr.  and  Mrs.  (case  family  name)  ^ 
Staneet  Address 
Wobam,  MA  01801 

Dear  Mr.  and  Mrs.  : 

I  am  writing  to  you  today  to  enlist  your  assistance  in  the  Massachusetts 
Department  of  Pciblic  Health's  (MDFH)  cngoing  investigation  of  the  elevated 
rate  of  childhood  leukemia  in  Wobum.    We  hcpe  that  you  will  participate 
in  the  oontinued  investigaticn  of  this  .important  public  health  concern. 

VBiile  most  families  of  childtKDod  leukemia  cases  have  been  intarviaved  by 
MDPH  between  1981  and  1987,  our  present  goal  is  to  interview  all  case 
families  with  a  laore  cccipr^iensive  interview  than  was  previously  used.  We 
will  be  examining  medical,  biologic,  genetic  and  envircffimental  factors 
that  were  not  identified  at  the  tine  of  the  1981  study  and  so  were  not 
asked  during  the  earlier  interview. 

Your  participation  will  involve  an  interview  to  be  held  in  your  hccc  or  at 
a  convenient  place  of  your  choosing.    Ihe  interview  will  ta>:e 
approximately  one  hour  and  a1 1  re^xanses  as  well  as  names  of  all 
participants  will  be  k^jt  strictly  confidential.    <Xiestions  will  be  about 
your  work  and  residential  histories  and  you  and  your  child's  hobbies  and 
medical  histories.    In  order  for  us  to  cccplete  the  interview  fxilly  we  ask 
that  both  parents  be  present,  if  possible. 

We  want  you  to  understand  your  cooperation  is  completely  voluntary  and  you 
have  the  ri^t  to  witlidraw  from  the  interview  at  any  -time.    No  data  on 
individuals  will  be  rer/ealed  or  reported  that  would  identify  you  to  anyone 
outside  this  project. 

An  interviewer  from  the  D^^artment  of  Public  Health  will  contact  you 
within  ten  days  to  invite  your  participation  and  arrange  a  convenient  tirte 
to  ccnduct  the  interview- 


The  suooess  of  the  study  <i^)ends  i^xxi  obtaining  informaticai  from 
everyone.    Your  oooperation  is  inportant  and  greatly  c^recdated.    We  feel 
the  information  you  provide  ijs  may  greatly  csantribute  to  a  better 
understanding  of  childhood  disease  in  Wcbum.    If  you  have  any  questions 
or  concerns  about  this  study,  please  feel  free  to  contact  me  at  (617) 
727-7170. 


Sincerely, 


Rcbert  S.  Knorr,  Eti.D. 
Chief,  Envinonmental 

Epidemiology  Unit 
Ibe  Division  of  Elnvironmental 

Epidesniology  and  Toxicology 


APPENDIX  VI 
Control  Family  Contact  Letter 


Waiiam  F.  WeW 


Governor 
Charles  O.  Baker 

Secretary 
David  H.  Mulligan 
Commissior>er 


Mr.  and  Mrs.  Ocntrol  — 
Street  Address 
Wobum,  MA  01801 

Dear  Mr.  and  Mrs.  Control: 

I  <m  writing  to  you  today  to  enlist  your  assistance  in  the  Massachusetts 
D^5artnent  of  Public  Health's  (MDFH)  caigoing  investigation  of  the  elevated 
rate  of  childhood  leukemia  in  Wcbum.    Your  cooperation  is  inportant  and 
will  be  greatly  appreciated  for  the  ccaTtinued  investigatico  of  this 
inportant  public  health  ccricem. 

Hiis  study  is  being  conducted  among  a  sanple  of  persons  chosen  at  randciu 
vdio  attended  Vfcfcum  schools.    Your  daughter/son  has  been  cr»e  of  those 
selected  to  be  included  in  this  study. 

Your  p>articipaticn  will  involve  an  interview  to  be  hcl'l  in  \-«ir  Utt*-'  or  at 
a  ccffTvenient  place  of  your  choosing.    The  interview  will  t-»>j- 
apprxjxi irately  one  hour  and  a1 1  re^xaises  as  well  as  n>ua-.  o! 
participants  will  be  k(^3t  strictly  confidential .    QueLTL^art.  w;ll  bo  tibout 
your  work  and  residentizil  histories  and  you  and  your  child's  hotiDies  and 
medical  histories.    In  order  for  us  to  ccinplete  the  interview  fully  we  ask 
that  both  parents  be  present,  if  possible. 

We  want  you  to  understand  your  cocperation  is  ccnpletely  voluntary  and  you 
have  the  ri^t  to  withdraw  from  the  interview  at  any  time.    No  data  cn 
individuals  will  be  revealed  or  r^xDrted  that  would  identify  you  to  cinycne 
outside  this  project. 

An  interviewer  from  the  D^^artment  of  Public  Health  will  contact  you 
within  ten  days  to  invite  your  participation  and  arrange  a  convenient  time 
to  conduct  the  interview. 


Date 


The  success  of  the  st?jdy  d^jends  upcen  obtaining  information  from 
everyone.    Your  cxxDperation  is  inportant  and  greatly  appreciated.    We  feel 
the  information  you  provide  us  my  greatly  contrilxite  to  a  better 
understanding  of  childhood  disease  in  Wbbum.    If  you  have  any  questicxis 
or  concerns  about  this  study,  please  feel  free  to  contact  me  at  (617) 
727-7170. 


Sincerely, 


Robert  S.  Ynorr,  Ph.D. 
Chief,  Environmental 

Epidemiology  Unit. 
Ihe  DivisicHi  of  Enviromaantal 

Epidemiology  and  Toxioology 


APPENDIX  VI! 
Contact  Letter  for  Families  with 
Unlisted  Telephone  Number 


/60  ^rcm/>fit>^J}rc££^ 
Q^06£onr  02/// 


Waiiam  F.  Weki 


Governor 
Charles  O.  Baker 

Secretary 
Oavid  H.  Mulligan 
Commissioner 


Subject  Family 
Street  Address 
Wbbum,  MA  01801 

Dear  Mr.  and  Mrs.  : 

Cn  (Date)  I  sent  you  a  copy  of  the  enclosed  letter  asking  for  your 
assistance  in  the  ongoing  investigation  of  the  elevated  rate  of  childhood 
leukemia  in  Vfobum.    Since  thoi  my  office  has  learned  that  your  tel^iione 
number  is  unlisted. 

We  are  still  very  TnLX±i  interested  in  ccntacting  you  to  invite  your 
participation  in  our  study.    Could  you  please  call  Mr.  Kevin  Costas  at 
(617)  727-7170  to  arrange  a  convenient  time  to  be  interviewed. 


rate: 


Sincerely, 


Robert  S.  Knorr,  Ph.D. 
Chief,  Environmental 

Epidemiology  Unit 
The  DivisicTJ  of  Envircximental 

Epidemiology  and  Toxicology 


APPENDIX  VIII 
Consent  Form  Granting  MDPH  Permission 
to  Interview  Study  Subject  Family 


Mlch««l  S.  Dukakis  i 50  ^T^emuyrtX  ^^^^l 
Gov«mor 

Ptilllp  W.  Johnston 

S«cr«»tary  6'/? -727 -2700 

borah  Prothrow-Stlth,  M.O. 
Commissioner 


WOBORN  CHILDHOOD  HEAIOT  STUDY 
OCWSENT  10  BE  INTERVIEWED 


I  have  been  asked  by  a  researcher  frxDm  the  Massachusetts  Department  of 
Public  Health  (MDPH)  to  participate  in  a  health  interview.    I  understand 
that  I  would  be  asked  to  answer  heal  th  questions  to  assist  in  the 
understanding  of  childhood  dijsease  in  Wobum.     I  have  agreed  to  answer 

questions  about  my  work  and  residential  histories,  and  my  child   's 

and  my  hobbies  and  medical  histories.    I  understand  that  my  cocperation  is 
OGarpletely  voluntary  and  that  I  have  the  right  to  withdraw  from  the 
interview  at  any  time. 

All  medical  information  and  other  personal  data  obta±ned  in  this  interview 
shall  be  kept  confidential  in  accordance  with  the  laws  and  regulations  of 
the  Commonwealth  of  Massachusetts  relating  to  confidentiality  and 
privacy.     I  understand  also  that  no  use  will  be  made  of  information  tJiat 
would  i-dentify  me,  my  child,  or  any  of  our  relatives  to  anyorv?  oUioj"  than 
those  researchers  working  for  this  study.     If  I  have  any  qucsLiorr. 
regarding  this  study  or  my  participation  in  it  either  new  or  at  any  tLn>2 
in  the  future,  I  am  free  to  contact  Dr.  Robert  Knorr  at  (617)  727-7170. 


Signature  Date 


Sigi-iature 


Date 


APPENDIX  BX 
Consent  Form  Granting  MDPH  Permission 
to  Review  Study  Subject  Medical  Records 


I     Michaol  S.  Dukakis 
Governor 


Philip  W.  Johnston 
Secretary 


S"/? -727 -2700 


jtKjrah  Prothrow-Stlth,  M.D 
1  Commissioner 


WOBURN  CHimiOOD  HEAEEH  STODY 


AUIHORIZATiai  FOR  DISODSURE  OF  MEDICAL  INPOPMATION 


Patient's  Name: 


E)ate  of  Birth: 


I  have  received  a  letter  explaining  the  purpose  of  this  study.  I 
understand  this  study  aims  to  explore  possible  environmental  causes  of 
illness  and  that  my  participation  is  ccsipletely  voluntary.    I  also 
understand  that  I  may  revoke  this  authorization  at  anry  time. 

I  agree  to  cocperate  in  this  study  by  allowing  ray  medical  recorxis, 
including  identifying  information,  to  be  inspected  and/or  photo-ccpied 
by  authorized  research  personnel  frcsn  the  Massachusetts  D^jartment  of 
Public  Health  in  the  course  of  carrying  out  this  inportant  project. 
Ihis  authorization  covers  all  medical  treatment  and  history  of  illness 
or  related  information. 

It  is  my  understanding  that  all  information  collected  will  be  kept 
strictly  confidential  in  accordance  with  the  laws  and  regulations  of  th 
Ccsnroonwealth  of  Massachusetts  relating  to  confidentiality  and  privacy, 
and  will  be  used  for  research  purposes  only.    I  understand  also  that  no 
use  will  be  made  of  information  that  would  identify  me  or  any  of  ray 
relatives  to  anyone  other  than  those  researchers  working  for  this 
study. 

If  at  any  time  I  wish  to  discuss  my  participation  in  this  study  with 
one  of  the  researchers,  I  may  contact  Dr.  Rctoert  Knorr  at  (617) 
727-7170. 

I  hereby  authorize  the    Hospital/Clinic  to 

release  infoirmation  from  my  medical  records  to  the  Massachusetts 
Department  of  Public  Health. 


signature 


date 


APPENDIX  X 
The  Study  Questionnaire 


INDEX   CHILD'S    STUDY  NUMBER 


MASSACHUSETTS  DEPARTMENT  OF  PUBLIC  HEJ.LTH 
THE  DIVISION  OF  ENVIRONMENTAL 
EPIDEMIOLOGY  AND  TOXICOLOGY 

WOBURN  CHILDHOOD  HEALTH  STUDY  QUESTIONNAIRE 

MOOHER'S  QUESTIONNAIRE  ^ 


INDEX  CaaCEIJi'S  STUDY  NDHBERr  

Sex  of  ,(Irxaex  Child)         l-«ale  2-Fe5nale 

PART  I:  INERODOCTrCN 
SECTION  A:  lEENHraNG  XNEGKMATICN 


MASSACHUSETTS  DEPARTMENT  OF  PIJBLIC  HEALTH 
THE  DIVISION  OF  ENVIRCttMEKmL 

EPIDEMIOLOGY  AND  TOXICOLOGY 

WOBURN  CHILDHOOD  HEALTH  STDDY  QUESTIONNAIRE 


1)  INDEX  CHIUD'S  t^AME  AND  ADCRESS: 


2)  INTERVIEWEE'S  NAME  AND  ADK^ESS: 


3)  DsTERVEEWEE'S  TELEPHONE 


A)  REL/^aSHIP  OF  CTrERVTcWEE  TO  INDEX  CHILD: 


5)  Q-ME  OF  INTERVIEW: 


"Hello,  my  name  is   .     I  am  representing  the  Massachusetts 

Department  of  Public  Health  and  am  here  with  regard  to  our  appointment  for  the 
conpletion  of  the  Wobum  Childhood  Health  Study  Questionnaire.    May  I  ocxne 
in?" 

"/'S  you  may  be  aware,  this  study  is  being  conducted  among  a  sample  of  children 
chosen  at  random  from  the  general  population.    Your  child  lias  been  one  of 
those  selected  to  be  included  in  this  study.    Questions  will  be  mainly  about 
your  work  history,  wiiere  you  have  lived,  and  you  and  your  ciiild's  medical 
histories  and  hobbies.     Did  you  have  a  chance  to  review  tlie  letter  1  sent  you 
describirtg  tius  study?" 
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IF  YES: 


"DO  you  have  any  specific  questions?" 


•    .^^^(>tf^\^/  voluntary.    You  have 
MT^t  me  remind  you  that  your  cooperation  is  ^i^^  ^  information 
^  rT^^^^-^,^^^  ^ict-t  evidence  i. 

collected  in  this  sU^  vill  ^}^^  ^  use  wUl  be  made  of 
accordance  witl.  ^^^"^"^^ne  outside  this  pro3ect." 

information  that  vould  identify  you  t:o  y 

^   Tt-  to  vou."      [READ  LETTER] 

vou  undeiHtand  the  purpose  of  this  stuoy  anu  y 
have  just  reviewed  them  with  you- 

^  4-^  ^r^f^r  the  questions.    Some  of 
..Feel  free  to  take  ^J^^^Z^^Y^^  ^  ^ 

S^S^w^t^-a-SeSS^  r^P^Sse  .a.  so... 
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SBCnrON  B:  EEMDGRAPHIC  INERCMftTION 
I'd  like  to  start  by  asking  sotas  questions  about  (Inciex  Child's)  background. 
1)  What  is  (Index  Child's)  date  of  birth? 

(Mcaith,  day,  year)  


2)  Where   was  (Index  Child)  bom? 

City  

State  or  Country  


3)  Which  of  the  following  tenns  best  describes  (Index  Child's)  raci^  background? 

1-  Hispanic 

2-  White 

3 -  Black 

4- Asian 

5 -  American  Indian 

6-  Other  (specify  ) 

8-  Unkncwn 

9-  Refiised  to  cinswer 


4)  Which  of  the  following  terms  best  describes  (Index  QulcJ':.)  ri-ligiou:: 
background? 

1-  Rcxnan  Catholic 

2 -  Protestant  (specify  ) 

3 -  Jewish 

4-  Otlier  (specify  ) 

8-  Unkr)Gwn 

9 -  Re  fused  to  answer 
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^idences  you  a«3  (IivJex  Quid)  hav. 

1^.      I  /hiT-ina   


J^TKA"'-"'  '  

lived  in  durmg 
OF  INDEX  CHIID] 


-A- 


lOCMTI  f  lOI  ICW  WUr-lO 


f!  C  S  1  0  t  K 

< 

At      H  I  r.  J 

o  c  ■» 

<  1 

1  ^- 

•C. 

j                                     <j.  1 

1  ] 

1  FROM  WHAT  1 

HOa  tJAS  THE 

1          WHILE  t.lVI«G  in  THIS  KOLfSEHOU)  j 

1             1        UHAI  UAS  TH€  ADO«€SS  Of  THE 

1     TEAR  10  ] 

(      OIO  <IKO£X  CHICD)  ORIM<  HOSTEY...  I 

I«esio.f           <isT,  2ko,  ere.)  ResioeMce? 

j  UKAT  TEAR  1 

TO  THIS 

j  UAS  THAI?  1 

RESI06WCE? 

I  1  -   

1 

Private  Uctt 

1   I  Household  top  t/atcr  and  t>evcca^es  J 

II  ' 

2 

Public  Uater 

(made  from  tap  uater,  i  .e.  coffee  or  /uicc| 

1    1  1 

(           (o  1 

fi 

Rcfused 

\  2  eottled  uater  aod  beverages  loade  from] 

{  } 

9 

(bottled  uater  soch  as  coffee  or  juice  \ 
1  5  Store-booght  beverages,  i  .e-Soda,beer,  | 
|<aili;,  or  juice  rxK  oeediog  added  uater  ( 
j  e  Refused  ( 

J              j                                                      9  tiUKUOUH 

1  9-u«t:wou«  j 

\  9  t>okf>oun  j 

,  J  .  

[  ] 

1 

2 

Private  Uel I 
Pubt  ic  Water 

1   1  H<x£Setiold  tap  ui^er.aod  beverages  | 
•V-  - 

[made  frora  tap  uater Jt.c.  coffee  or  juice | 

1    2  1 

j           to  1 

6 

1  2  Got  tied  water  a/vJ  beverages  nade  fromj 

1  ] 

9 

I  *oi.r*o-^ 

|tx)ttle-d  uater  soch  as  coffee  or  juice  \ 
1   3  S'.ore  -  txxjch  :  beverage:* ,  i -c .  sodi , beer ,  ] 
Imill.  or   ;i.icc  oot  oeediog  added  uater  [ 
]  6  Refused  1 

1              1                                                      9  UMKHO'.JM 

1  9-UWCnCWv!  1 

1   9  Untooun  1 

1 

Private  Uetl 

1    1  House+>otd  tap  uater  aod  beverages  | 

2 

rutl ir  ua'cr 

i  T->>-  i '       t  ».    wjt  1-1,1   «•     coffee  or  juice] 

1   3  ! 

1            to  1 

6 

Pet^rie^ 

1       t      1  1 »~                        li^vrtaoes  ".ade  from] 

1  1 

V 

|t»'''»                \.»  »    <.  (<it<^^  Of   juice  1 
I    '           »  '••»»•   1        ■  «       _  «  .  r  .  soda  ,t>eer ,  1 
1      '  >           •       »  •»  •                   wK>V^3  uater  | 
].»*••.••■  ] 

1  9-U«ci-'0-'>J  1 

1  '.'  1 »  »«  « ft  »  *  >  J 

'  -  

1 

Private  Uelt 

1    \       mr,f  ttitic  t  jp  vialef    Af%d  beverages  | 

2 

PUjI  ;c  uater 

jia^J^  ( ( ua  tap  uatef.i.e.  coffee  or  juice] 

^  j 

1          ^°  1 

8 

Refers  ed 

1  2  6ottled  uater  aod  beverages  «>ade  from] 

1 

9 

t>nkrvown 

(bottled  uater  such  as  coffee  or  juice  1 
1   i  jtore-bougt<t  beverages,  i  . e  . sod-i . beer ,  | 
|<nilk^   or   juice  rvo  t  rKv^d  i  og  ad^rJed  u  a  t  e  f 
(  8  Refused 

1   9 -UW  '-O'-'v:  1 

1    V   OrU  oou^  » 

1 

Private  Uet ( 

1    1  Household  tap  uater  arvd  t>cv«-rages 

2 

Pobt  ic  VJatef 

jm^d^   <ro<n  tap  uat  e' ,  i  .  e . .  cof  f  ee  w  jutcr 

J  1 

t  1 

e 

Ce<«jse<J 

j  2  Bottled  uater  ar>d  beverages  «nade  from 

9 

tfrfcVrvcK^ 

(bottled  uater  such  as  coffee  or  juice 
(    5  Stor<--tKKj9t>t  bever  ages,  • -C. soda, beer, 
J<n<tv_         ju<ce  rvjt  «vc<--c) < <vg  added  uater 
1  8  OeluseO 

HOU  MAHT  PCOPtE 
SHOWED  CIGARETTES 
ClGi^RS  OR  PIPES  IM  | 
HOUSEHOLD  DAILY?! 


I 
I 
I 
I 


H   1   S  t  O  R  1 


CON?    J   W  U  L  0 
i. 


010  THIS  KESIOEHCE  HAVE  AMY 


Of  THE  fOLLOUIHG  FEATURES? 


PLEASE  RESPOWO  AFTER  EACH  ITEM. 


THAT 


smokers 


J  ^^rtrf  tre*  or  agricoUoral  spray.ng 

1        How  yany  times  in  total?  _ 

,  pcsf  or  insect  cxterminatioa  in  house 

How  man^  tiovrs  in  total?.  


use  of  -no-pest-  strips 
attache<l  garage 


8  Refused  1 

9  Uolcr>oun  l_«osquito  spraying  or  fogging 

I 

(        insecttcicJe  or 


How  many  times  in  total?. 


herbicide  treatnv^t  of  yard  to  control  insects  or 
How  <nany  tio>es  in  total?_     


weeds 


8  Refused 

9  Unknown 


-1- 

1. 


i  s»nokers. 


I. 


nearby  tree  or  agricultural  spray.ng 

How  ciany  ti<nes  in  total?^  

pest  or  insect  extermination  in  house 
Ho<--  many  times  in  Tota'.?^  


use  of  -^-pcst-  strips 

attached  garage 


8  Refused  1 

9  Onknowrx  I  ^oK^squito  sprayioo  or  fogg.ng 

,        -  ti-^  Z;^:^:^^:^::;:^^  o<  yard  to  control   insects  or  .eeds 

I         insecticide  or  hcrbiooe  i. 


8  Refused 

9  UnVnov-m 


j        HOW  many  tio»es  in  total? 


f  smokers 


8  Refused 

9  Unl nown 


nearby  tree  or  agricultural  spray.ng 

HcATVany  tiovrs  in  total?  

_pes'^or   insect  cxter=ninat  ioo  .n  house 

How  many  tinvrs  in  total?^  

mosquito  sprayin<j  or  fogging 
Ho^-  many  times   in  total?. 


use  of  -no-pest-  str.ps 
attached  garage 


insecticide  or  h 
How  m^ny  times   m  total?  


erbicide  treatment  of  ya 


rd  to  co'it  <  c)l    n>  ■•  ' 


of  smokers. 


,  ^oeartoy  tree  or  agricultural  spray.ng 

I        How  many  times  in  total?  

1        pest  or  insect  extermination  in  house 


of  -n.3  pest-  strips 
attached  garage 


8  Refused  1         How  many  times  in  total?_ 

9  unknown  I  ^mosquito  spraying  or  fogg. 

1 


ng 


Hou  many  times  in  total?. 


insecticide  or  herbicide  treatmen 
How  many  times   in  total?_   - 


t  of  yard  to  control    insects  or 


weeds 


g  Pcfused 

9      {Jr^\  oowrv 


I 


of  smokers 


I 


jc  agricultural  spray.ng 
total  ?^  


oeartry  tree 
How  many  times  «n 

insect  extermination  in  house 


use  of  -no-pes 
attached  garag 


st«-«i>s 


7.0U 


8  Refused  1 

9  unknown  \  '^^<^ 


pest  or 

How  many  times   in  total?  

ito  spcayiog  or  fogging 
\         HOW  many  times  total? 


I. 


insecticide  of 
How  ci«r>y  times 


Herbicide  treatment  of   yard  to  con.ro.    .nsects  or  weeds 


8  Pcfusc<i 


in  total?. 


lOCKJinCATICW  KUM8CP  

KESIOeVTlAt.  HISTORt 


11  ^~ 

1 

c. 

1                                             <J.  1 

1  FROM  WHAT 

HOU  UAS  THE 

1            Wn  1  Lt:  l_  1 Y 1  Hkm  in   ( t1 1 ^  ctU(J^»<:nOLU  1 

1              1         wHAI  viA^   1  Kt  ADORcSS 

Of  TH£ 

Tt-AK    1 U 

j     UATER  SUPPLIED 

1       n  f  n  /  f  unPY       f  f  n  ^       I  uif  ma^ti  y  f 

|c£s:o.l          <isT^  2ho,  ere.) 

REsioewcE? 

1  WHAT  TEAR 

TO  THIS 

1  1 

1  «AS  THAT? 

RESIDENCE? 

(  1 

Private  UcU 

1  2 

Pob(ic  Uatcr 

j^Rddc  ^roni                      1         cof        oc  juio^l 

1  1 

I            T  o 

I  6 

Refused 

1  ^ 

! 

■  milt*      ^\r'    till              r   r^^^<A  1  fvo   swCH^^        f  1 

1  1 

1  <.  Refused  | 

9  UWKNOUH 

j  5  Unlxtovm  | 

I  1 

Private  Uel I 

(  2 

fobl  ic  ua;c( 

I rn3<i^  f  CGcn  X.3p  w3t€f~   UT^' ' "  CO f  ^ or  JUICCl 

7  j 

to 

1  3 

Bottled  Uatcr 

i  £ 

Refused 

|t)OTCl^^  w3t^(~  socli  3S  oo^^cc  or  jutc^  1 

* 

]  9 

1     \    ^  T      ^  ~  l~w%i  »oh  r    t"w*\/<* ( — c    i    ^   ■c /v^a   Fw*^ ^  i 

lmi(k      O*"    JCIIC^   OO  t    O^"^^  1         3^^^^        *  C  C  I 

I 

1  ^  Refused  I 

] 

1  1 

Private  Well 

1  1  Wouseholci  top  w3ter  aocl  t>everagcs  | 

1  2 

P<.-t)i  «c  Uater 

1  fHrfM^e  i  rof^  1 3p  w3  cer  i.e.  coffet  or  j^i^  ce  ' 

e  1 

t  o 

I  3 

Got  t led  Uater 

I  2  GottlecJ  W3tcr  aod  t>ever3ges  nvac^  frofn] 

1 

I  8 

Ref  LTSed 

|bottl<rd  water  soch  as  coffee  or  juice  | 

J 

I  o 

1  ' 

Uok  oot-Ti 

J  3  S  t  ore "  tx>o9h  (  t>ever  39es   i.e.  so<j3 ,  t>eer  ^  | 

j m  1 1  k.     Of  juice  oo t  oee<^ * oo  ij»3<5eci  water  ■  j 

1 

1  4  Refc-sed  | 

[ 

V  un»:nouk 

9-Uwr;KauN 

1   5  UoLrvown  | 

f  ^ 

O  /-  1             f  «      t_J«  f  1 

\  1  Hojsetiold  tap  water  aod  beverages  | 

J 

Pobl  I  c  1 

|<nade  from  tap  water. i .c.  coffee  or  juice] 

9  1 

to 

1  3 

eot^l<^d  ua^er 

I  2  Bottled  water  aod  beverages  made  from] 

j 

1  8 

jbottled  water  such  as  coffee  or  juice  | 

j 

!  9 

1  3  Store-bought  beverages, i .e .soda. beer,  | 

jmilV,  or   juice  oot  ocediog  added  water  ] 

I 

1  i.  Refused  i 

9  uwi  Najfj 

9  -U*'<»-C'-'M 

1    5  Unloowo 

1  1 

1   1  Household  tap  water  aod  beverages 

1  2 

jnvade  frocn  tap  water,  i.e.  coffee  or  juice 

10  I 

lo 

I  3 

1  2  Bottled  water  aod  beverages  m-adc  fro" 

1  8 

Jbottled  water  such  as  coffee  or  juice 

1  '9 

1   J  S t c e - lx»ugh t  beverages ,« .e . soda .beer  . 

Jnii;k_  or   juice  oot  oecdiog  ad-icd  water 

t  t  «e»usod 

lOENTIFICATIOM  MUM8CR 


RCSIOtNTIAl       HISTORY  COKIIWOEO 


i  ^- 

f  . 

\     HCW  KANT  PeOPLE 

1                    '  OIO  THIS  RESIDENCE  HAVE  ANY  Of 

THE 

fOCtOUING  FEATURES? 

1  SMOKED  CIGARETTES^ 

PLEASE  RESPOND  AFTER  EACH 

ITEM. 

RESIO. 

1  CIGARS  OR  PIPES  IN 

MO. 

JTHAT  HOCfStHOUJ  OAILT? 

1        nearby  tre«  or 

agricultural  sp>raying 

use  of  "no-pest" 

Strips 

|)>  of  sjnotctr?: 

1         Hou  many  times 

in  total? 

attached  garage 

6 

1        pes tC  or_  insect 

extermination  in  house 

1                  8  R«fus<?d 

1        Hou  taaniy  times 

in  total? 

1                   9  Onkrvjun 

1       looscyjito  sfM-aying  or  fogging 

1        Hou  many  t  imes 

in  total? 

1  insecticide  or 

herbicide  treatment  of 

yard  to  control 

insects  or  weeds 

o 

Refused  | 

1        Hou  many  tin>es 

in  total? 

o 

r 

Unknown  i 

1        nearby  tree  or 

agricultural  spraying 

use  of  "no-pest" 

strifes 

I*  of  sookers 

Hou  many  times 

in  total? 

attached  garage 

7 

F>est  or  insect 

extermination  in  house 

1                  8  Refused 

Hou  many  times 

in  total? 

mosq-jito  spraying  or  fogging 

Hou  many  t  imes 

in  total? 

insecticide  or 

herbicide  treatment  of 

yard 

to 

control 

insects  or  weeds 

Q 

O 

Refused  1 

Hou  many  times 

in  total? 

o 
y 

Unkinoun  ] 

neart>y  tree  or 

agricultural  spraying 

use  of  "no-pest" 

str  ips 

|«  of  srokers 

H^i^(Tvany  times 

in  total? 

attached  garage 

8 

pes t  or  insect 

extermination  in  house 

Hou  many  times 

in  total? 

mosqoito  sprayir>g  oi  fogging 

Hou  many  times 

in  total? 

insect  icirle  or 

herbicide  treatment  of 

yard 

to 

coot  f  ol 

1  f        X  ;   \'t    w«'od  > 

o 
O 

K  e  1  u  _» 

Ho"  many  limes 

in  total? 

9 

tJnl  fwDwf  1 

nearby  tree  or 

agricultural  spraying 

U'j  ^  o  J   "  rtai  St" 

str  ipr 

of  smokers  1 

Hou  «narry  times 

in  total? 

at lached  garage 

9 

pest  or  insect 

extermination  in  house 

O      K  C  i  »JS^<J  ] 

Hou  many  t  imes 

in  total? 

mosquito  spraying  or  fogging 

Hou  many  t  ioKS 

in  total? 

insecticide  or 

herbicide  treatment  of 

yard 

to 

control 

insects  or  weeds 

8 

Re  f  used 

How  many  t  imcs 

in  total? 

9 

tinV  oowo 

nearby  tree  or 

agricultural  sprayir>g 

use  o<  ~no-pcst" 

S  t  r  i  ps 

of   SukAccs  I 

How  •r-any   t  imes 

in  total? 

attached  garage 

10 

pest  or  insect 

cx t crmi rv3 1  i on   in  house 

e  Rc<«scd  1 

Hou  many  t  imes 

in  total? 

moscyjito  spraying  or  foggir>g 

How  <n;>oy  t  imcs 

in  total? 

i  r>sc<t  tc  idc  or 

herbicide   treatment  o< 

yard 

to 

control 

insects  or  we-cds 

8 

Rc<usc<: 

How  #naoy   t  imeS 

in  total? 

9 

Unlr  oow<-< 

PART  in:  OOCUPAUCWAL  INPMATiaN 


SECTION  A:  OOaJPATIONAL  mSTCm 


New,  I  have  sorT>e  questions  about  your  occupational  history  starting  with 

the  job  you  held  durirvg    [MCWEH  AND  YEAR  OF  DIAGNOSIS  OF  CASE] 

back  to  the  job  you^held  during   [MONIH  AND  YEAR  TWO  YEARS 

PRIOR  TO  CONCEPTION  OF^INEEX  CHILD] . 

VJe  are  looking  for  enployer,  job  title,  nature  of  the  work,  duration  and 
potential  exposures.     Please  be  sure  to  note  if  there  were  any  job  title 
or  type  of  work  changes  within  the  same  ocsipany.     [NOTE:  PROMPT  THIS  AT 
THE  END  OF  EACH  JOB  DESCRIPTION]  • 
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lOCKTU  ICATICW  KWCCR 
OCCOPAIIOKAC  «ISIO«T 


UHAT  IS/VAS  YOLV  <  'S)  eKPLOYeR'S 


J08 


WHAT  i:tKO  Of  ©JSIWeSS  has  IT7 


UHAT  UAS  THE  TITLE  0« 
HAME  Of  TH.-.T  JOe? 


UWICMOtm... 


UUKUO-JH  9 


CRU-KO-ftJ ...  9 


»»»Ji>K>JW  9 


lOCWUflOMIOW  Kll^'.Cff  

OCCOPATIOHAC     HISTORY  COWTIHUCO 


1  1 

«:. 

1 

1  9- 

1 

< 

)       010  YOU 

UHAT  MOMIH 

(UHAT  MOWIH 

|ORIN«:  80ITLC0 

UHAI  VAS   I  He  UATUttC  0«   T  YPC  Of 

YOU  010? 

t  YEAR  010 

\t  YEAR  010 

1     UATER  AT 

OORIHG  THAT  JOG 

010  YO 

THIS  JOG 

}   THIS  J06 

1     THIS  JOC? 

OR  v;GRe  YOU 

exposeo 

|Joa  dtr] 

START? 

1  QHO-> 

<ask  irvrJivicJaal  ly) 

1   1  Yes 

YES 

NO  UNI 

I  2 

1 

--  -- 

1  8  Refused 

CHEMICALS  1 

2  9 

i  ^  1 

/ 

1   /  

I  9  Uotftoun 

njM6s  1 

2  9 

HO  YR 

1     HO  YR 

RADIATIOM  1 

2  9 

If  YES,  Specif Yi 

_9 

UM<  9 

1    ut^'t; .  9 

1     1  ICS 

1  YES 

UO  u> 

1  2  ►•  o 

1  £  Ce<ijse<i 

[CHEMICALG  I 

2 

1    ^  1 



1   /  

[fUMES  1 

2  S 

MO  TR 

1    (K>  rr 

RAO  I  AT  I  Oi:  1 

2 

If  YES.  SfECIfY: 

.9 

uw»:  

1      WK  . .  .  V 

1 

-  -*r 

t 

■\#- 

1  YCS 

KO  u 

'•►•I.I''.  1 

2 

■J  1 
i>  \ 

 /  

|Mr.   •  1 

2 

MO  YP 

1      K  J 

, .  /  .  1  • ;  I , ».  1 

2 

1  I  1    11-,.    I  '■!  f  1  r  Y  : 

-9 

um:.,  .V 

1     U»-i  . 

1   <  '  <-*J 

1  YES 

WO  < 

1  2  vo 

1  £  P  c  ( cr-  e<i 

ICHtMICALS  "i 

2 

 /  

1   / 

]   9  UoV  rKhjn 

\ t UhE  S  1 

? 

MO  YP 

]  MO 

|RAX)IAlION  1 

"? 

pf    YCS,  SPfCUY: 

.9 

UMK. .  .9 

j     0«t. ..9 

I    1  Yes 

i  YCS 

no 

1  2  t^o 

I  6  Rc<<js<xi 

|CMCMIC'CS  T 

2 

 /  

1   /  

|fO?lCS  1 

J 

MO  YK 

? 

I  1  f    YCS,'  SPCCI  f  »  : 

{JOS  4r( 

UKAT  ISAiAS  TOOK  <         'S)  CKPLOTGR'S 
KAKE  t  AOOReST? 

1 

t). 

WHAT  mm  Of  sysiMtss 

1         ■          -    <^  - 

1     CHAT  UAS  IHC  IIJU:  OR. 

1         KAni,  IX    TKAT  JOG7 

[  j 

1   <s  ( 

{ 
1 

.9  1 

..9 

1  UN<NOaK...9 

i 

1   7  1 

'  1 

O  I 

.  .9 

.9  1 

()•,'»  t-  lv**. 

.  .V 

\ 
\ 
\ 


1  


I  I    >  ^  ^ 

1  ?  Vo 

I  tJ  R<;(<J3e<J 

^  9  Unlrvovrn 


MO 


I 


i 

JCV.£HlCAt.S 
(fUMES 

\ 
I 

I 


SPECIFY: 


3-0-  il 


I  an.  na^  goiurvg  tx>  ix^ad  you  a  li^  of  a^caGLs.     (SHOW  LIST  TO  P.^W^N^rj     Please  teil  iro  f 
can  roneni^er  ev<Br  usij>g  or  beir^  eiqx>sed  to  ajiy  of  these  diemicals  ui  any  of  your  jo}5G| 
you  are  unsure,  please  say  so.    V?ere  you  exposed  to  (PEhD  LIST)  : 


a. 


CHEMICAL  l^m 


EXPOSURE 

1- YES  8-5EFUSED 

TO  TJ-ISWER 

2-  NQ  g-UNKNa;^ 


DOPJM;  V5LCCH  DfOES 
WERE  YOU  EXPOSED? 
FRCM  TO 
W      V        M/  Y 


KT  VJHiai  JOBS 
WERE  YOa  EXPOSED 
TO  THIS  CHEMICAL? 


a)  OOKE  OVEN  EMISSIONS 


2)  LEAD 


3)  POLYVBJYL  CHIORIDE 


4)  aUDi^GHDRI-l 


K/      Y        K/  Y 


i-aJ 


M/  Y 

Y 

1- A-W 

2-  S(|  t 

3-  Rr_i 

rv  Y 

IV 

Y 

i- J  ? 

2-SO^f 

3-Rj-: 

IV  V 

IV 

Y 

1-  AL 

2-  i 

3-  1 


5)   lO^ZEX;  RADIATION 


6)  PESTICIDES 


7)  HERBICIDES 


8)  SOLVENTS 


Y 


IV       Y   W  Y 


IV 


M/  Y 


2 -SO 

3_IiM 


r 


2  I 

-!  J  I 


2 -  SI 

3-  f' 


15- 


i.o.  " 


Did  yoi  <5rver  use  or  were  yo<J 


r  ry^jx^  specific  cJiemieaGUs ,  whiJLe 
^er  exposed  to  any  o£  these  ^ 


EXPOSURE 
1-YES  8HREFUSED 
TO  ANSWER 


S)  CARBO-NTETRACHLDRIDE 


10)  BENZENE 


11)  TDUJENE 


12)  YAli:^ 


13)  MCHLD.^ErmTZME 


14)  METHYLENE  CHIDRIDE 


b. 


,  r>ro-^      AT  WHIQ]  JOB  WERE        ITO  OFJ 

FROM 

 M/      Y  __M/  1  


Exposn 


J4/  Y   W-—^ 


 M/  Y  W  X 


K/  Y   W  1 


jy     Y  __JV—1 


2- SCX«IEr 

3- RAREi; 

3-RAREL 

1- AIWAY 

2-  SOMEl 

3- PAREL 

2-  SOME 

3 -  rare: 

1-  AI>C-'. 

2-  sa^ 

3 -  RARE 


1- AI>I?- 

2- SOMI 

3-  RARI 
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PART  IV:  MEDICAL  HISTORY 
SECnON  A:  CHILD'S  MEDICAL  HISTORY 

Hie  next  section  of  .the  questionnaire  vdJLl  focus  an  questic«ns  regarding  (Index  Q 
inediccil  history.        '  ; 


•4^ 


-18- 


I-D. 


O.K.  ,  now  I'm  going  to  read  through  a  list  of  ^iecifijc  iJLlnesses  vjhicii  I'd  like  tx 
OMex  Child)  ever  had. 


TTINESSES 


Has  (Index  Child)  ever  had: 


What  were  the  dates 
of  its  oocxDcrax^e? 
(Montlis/year) 
ERCM  TO 


VJhat  type  of 
treatment  did 
ta^stis  have? 


1)  Infectious  mcxxxTucGLeosis? 

1- Yes     8-^?efused  to  answer  M/     Y       M/     Y  M/- 

2-  No  9-Unknown 


2)  TOJLergies? 

1- Yes     8-Refused  to  answer  M/     Y       M/  Y  

2-  No  9-Unknown 


Has  he/she  ever  had: 


3)  Asthiia?  , 

1- Yes      8-Refused  to  answer  M/     Y       M/      Y   ^  

2-  No  9-Unknown 


4)  Chicken  pox? 

1- Yes     8-Refused  to  answer  W      Y       W  Y 

2-  No  9-Unkncwn 


5)  Rubella  (German  measles)? 

1-  Yes      8-Refused  to  answer  M/      Y       M/      V         ^_  M/  \ 

2-  No  9-Unkno^ 


Has  he/she  ever  had: 


6)  Rubeola  (Measles)? 

1-  Yes      8-Refused  to  answer  W      Y       W      Y  M/__J 

2-  No  9-Unknown 


7)  Munps? 

1-  Yes      8-Refused  to  ajiswer  M/  Y  __M/  Y  M/  \ 

2-  No  9-Unknown 
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I.D- 


UimSSES  (continued) 


Has  he/she  ever  had: 


What  were  the  dates  VJhat  type  of 

of  its  oc5currerioe?  treatment  did 

(Months/Year)  he/she  have? 

FEROM  TO   


What  were  the 
treatment  dates' 
(Months/Year; 
FROM  TO 


8)  A  Shigella  infection? 

1- Yes     8-Refused  to  answer 

2- No  9-Unknown 


H/      Y       W  Y 


W      Y  M/ 


9)  A  Salmonella  infection? 

1-  Yes     8-Refused  to  answer 

2-  No       9-Unknciwn         *  . 


M/      Y       W  Y 


W  Y  M/ 


10)  Aplastic  anemia,  which  is  a 
hone  marrcw  defect? 

1- Yes     8-Refused  to  answer 

2-  No  9-Unkncwn 


M/      Y       M/  Y 


ii/  Y  M/ 


Has  (Index  Child)  ever  had: 


11)  Cytcsmegalovirus,  which  is  also 
called  salivary  gland  virus 
disease  or  inclusion  disease? 

1- Yes      8-Refused  to  answer 

2- No  9-Unknown 


W      Y       W  Y 


Has  he/she  ever  had: 


12)  A  urinary  tract  infection? 
1-Yes      8-Refused  to  answer 
2-No  9-Unkncwn 


M/      Y        M/  Y 


M/      Y   K 


13)  Canoer? 

1- Yes      8-Refused  to  answer 

2-  No  9-Unkncwn 


M/      Y       M/  Y 


W      Y   I^' 


IF  NO,    SKIP  TO   PAGE   21,    QUESTION  14 
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IF  YES: 


13a)  What  kind  of  canoer  has  he/she  had? 

[DO  NOT  READ  LIST^   CIRCLE  IMPROPRIATE  NUMBER] 


01. 

liing 

09. 

Hod^dris/Iyirphana 

02. 

Breast 

10. 

Kidney 

03. 

Oolorv/Rectal 

11. 

Liver 

04. 

Pancreas 

12. 

CJervix 

05. 

Prostate 

13. 

Other  Fanale  Organs 

06. 

Stcinach 

14- 

Other  Site  (specify 

07. 

Bladder 

15. 

Unknown 

08. 

.  leukemia 

16. 

Refused  to  answer 

b.  What  was  the  date  of  diagnosis  for  the  (TYPE  #   )  cancer?:    J_  W  D/ 


c.  What  was  the  date  of  fij:st  onset  of  synptcms  for  this  cancer?    li/  D/ 


[IF  APPROPRIATE,    REPEAT  QUESTIONS   FOR  A  2ND  CANCER  TYPE] 


d.  What  was  the  date  of  diagnosis  for  the  (TYPE  v   )  cancer?:   W  D/ 


e.  What  was  the  date  of  first  onset  of  synptons  for  this  cancer?*   M/  D/ 


14)    Has  a  physician,  nurse  practitioner,  or  other  health  professional  ever  told  ^ 
that  (index  child)  had  any  other  serious  disease?    If  yes,  explain: 


\ 


BIRTH  DEFECTS 

Now,  I'd  like  to  ask  you  about  any  birth  defects  that  (Index  Qiild)  might  have. 
Was  (Irdex  Child)  ever  diagnosed  with  any  of  the  following  birth  defects? 

15)  Dcwns'  syndrane,  cilso  known  as  mcsTgolism,  v^dch  is  a  defect  associated  with  the 
presence  of  an  ^xtra  chrcrooscsne  in  the  cells? 

1- Yes      8-Refused  to  answer 

2- No  S-'Unknown 


16)  Blocjns'  syndrcroe,  which  is  a  hereditary  disease  resulting  in  stunted  growth  and 
skin  disorders,  such  as,  enlarged  blood  vessels  and  poor  skin  color? 

1-Yes     8-Refused  to'  answer 
2^^o  9-Unknown 


17)  Klinefelters'  syndrcroe,  which  is  an  inherited  disease  in  inales  associated  with 
sterility,  enlarged  breasts  and  abnormal  chrcmosane  patterns  in  the  cells? 

1- Yes      8-Refused  to  answer 

2- No  9-Unkncwn 


18)  X-linked  againmaglctoulinemia  (or  Bruton's  Syndrane) ,  which  is  a  reduction  of  the 
amount  of  antibodies  in  the  blood? 

1-  Yes      8-Refused  to  answer 

2- No       9-Unknown  - 

19)  Ataxia  telangiectasia,  which  is  a  hereditary  disease  resulting  in  enlargement  < 
blood  vessels  in  parts  of  the  body,  such  as,  the  nose,  throat  or  intestine? 

1-  Yes      8-Refused  to  answer 

2-  No       9 -Unknown 


20)  Wiskott-Aldrich  syndrcroe,  which  is  an  inherited  disease  resulting  in  chronic  e 
infections,  eczema  and  anemia? 

1-  Yes      8-Refused  to  answer 

2-  No  9-Unknown 

IF  NO:    GO  TO   NEXT  PAGE: 

IF   YES   TO   ANY   OF   THE   ABOVE   BIRTH  DEFECTS; 


21)  What  was  the  date  of  diagnosis? 
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MEDICAL  PROCEDORES 

22a)  Did"  (Index  Child)  ineoeive  any  transfusions  prior  to  j   ? 

[DME  OF  DIZUSNOSIS] 

1-Yes     2-No     8-Refused  to  answer  9-Urikncwn 

IF  NO,  SKIP  TO  NEXT  QUESTICN 

b.  c. 

IF  YES:  VZhat  was  the  date  of  What  was  the  reascai 

the  transfusicai?  for  the  transfusicaV? 

W  ^Y  

 IV   Y   

 Vi/   ^Y   

23a)  Has  (Index  Child)  ever  had  a  tonsillectOTiy? 

1-Yes     2^0     8-Refused  to  answer  9-Unknown 
IF  NO:  GO  TO  IKE  NEXT  QUESTION 

IF  YES:    b.  What  was  the  date  of  the  procedure?   

24a)  Did  (Index  Child)  ever  receive  x-ray  or  radiation  therapy?  (THIS  MEANS 

EXdUDING  DIAGJiraSTIC) 

1-Yes      2-No      8-Refused  to  answer  9-Unknown 

IF  NO,    SKIP  TO   NEXT  QUESTION 
IF  YES,  indicate: 

b.  What  was  the  reason  for  this  therapy?  

c-  What  part  of  the  body  received  the  therapy?  

d.  Between  which  dates  was  the  therapy  given?   M/  Y  M/  Y 

e.  Hew  inany  treatinents  were  given ?^  
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I-D.  #. 


Has  (Index:  Child)  ever  had  any  of  the  following  immunizations? 

a.  b. 

EXPOSURE 

1-YES  8-REFXJSED  WHEN  VIAS  1HIS 

TO  ANSWER  IMMUNIZATION  GIVEN? 

IMMUNIZAnCH  ,  2-^  9-UNKNOWN   


25)  DPT  (Diphtheria,  pertussis, 
tetanus) 


26)  DT  (Diphtheria,  tetartus) 


27)  Munps 


28)  Rubella 


29)  Small  Pox 


30)  Measles  - 


31)  Polio  Vaccine  (Oral/Sabin) 
(INGESTED) 


32)  Polio  Vaccine  (Live/SaUc) 
(INJECTED) 


33)  Other  (Indicate) 
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SBCrrCN  B:                    ERE3GNANCY  HIjSIX:«Y 
VcM  I  vould  like  to  ask  you  a  series  of  qoesticxis  involving  your  pregnancy  history. 
1)  Hov  many  times,  in  totsd.,  hsive  you  been  pregnant?  


a. 

FRE)G  #01 


b. 

FREE  #02 


2)  Did  ycxir  (first/seoond/etc.)  pregnancy  result  in  a 


3)  What  was  the  date  of  the 


1.  Live  birth? 

1 

1 

2.  Stillbirth? 

2 

2 

3.  Miscarriage? 

3 

3 

4.  Abortion? 

4 

4 

5.  Tubal  or  ectopic  pregnancy? 

5 

5 

8.  Refused  to  answer 

8 

8 

9.  Unknown 

9 

9 

of  the  ? 

/  . 

/ 

[JTLL  IN  FREVIOUS  RESPONSE} 

4)  Hew  many  weeks  or  months  did  that 
pregnancy  last?  [CIECLE  UNIT] 


Months 
Weeks 


_Months 
Weeks 


IF  THE   PREGNANCY  WAS  NOT  A  LIVE  BIRTH,    SKIP  TO  THE   NEXT  PREGNANCY 


5)  Was  this  child  mcde  or  female? 


Male  1 

Female  2 

Refused  to  answer  8 

Unknown  9 


6)  Vlhat.  was  (his/her)  birthweight? 


LB  OZ 
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LB  OZ 


c.  d.  e.  f.  g- 

PRBG  #03  PRBG  #04  PRBG  #05  PRBG  #06  FRBG  #07 

1  1  1  1  1 

2  -2  2    •  2  2 

3  3  3  3  3 

4  4  4  4  4 

5  5  5  5  5 

8  8  8  8  8 

9  9  9  9  9 


 /    /   __y    /  

MOYR  MOYR  ^DYR  hDYR  MOYR 


.Months   Months   ^Months   Months   Months 


Weeks   Weeks  Weeks   Woe>'>s   Weeks 


11111 
2  2  2  2  2 

8  8  8  8  8 

9  9  9  9  9 


LB    OZ  LB    OZ  LB    OZ  LB    OZ  LB  OZ 


NOTE   THE   NUMBER  OF   LIVEBIRTHS  HERE: 
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I-D.  #. 


BIRTH  DEFECTS 

IF  THE  MOTHER  HAD  MORE  THAN  ONE  UVE  BIR3H,  (INOEX  CHUD)  ,  ASK  THE  NEXT  QUEST! 
IF  NO,  SKIP  TO  PAGE  29 

7a)  Were  any  of  (Index  Child's  brothers  or  sisters)  diagnosed  with  birth  defects? 
l-Yes     2-No     8-Refused  to  answer  9-Unknown 

IF  NO,   SKIP  TO  PAGE  2  9 

IF  YES  TO  ANY  BIRTH  DEFECTS: 

1. 

SIBIJNG 

b.  What  is  the  sex  of  the  child?   

c.  What  was  the  date  of  birth?   

d.  l-Jhat  was  the  birth  defect?   

e.  What  was  the  date -of  diagnosis?   

f .  What  was  the  hospital  of  diagnosis?  

[IF  HOSPITAL  IS  UNKNOWN,  PROBE  BY  ASKING  FQR  THE  PHYSICIAN'S  NAME  AND  ADDRESS 
IF  KNOWN] 


2. 

SIBIJNG  ^2 
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.3.  4.  -  5. 

SIBLIh?G  f3  SIBLING  #4  SIBLING  #5 
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I-D.  1 


NOW,  I  am  goi«3  to  ask  yoa  some 
Child). 


specific  qoestions  about  your  pregnancy  with  (Index 


were  you  working  outside  of  your  hone  ui: 
8)  tt4  3  iroTths  before  yoyr  pregnancy? 


1-Yes     8-Pefused  to  answer 
9-Unkncwn 


9) 


the  first  3  itonths  of  your  pregnancy? 


j-Yes  8-Pefused  to  answer 
2-No  9-Unknown 


10) 


the  second  3  ironths  of  your  pregnancy: 


1- Yes.      8-Kefused  to  answer 

2-  No  9-Unkncwn 


11)  the  last  3  months  of  your  pregnancy? 


X-Yes.  8-Refused  to  answer 
2-No  9-Unknawn 


were  you  usiirg  any  of  the  follomig  con 
pregnancy? 

12)  Birth  control  pills 


traceptives  in  the  3  Tenths  before  your 


l_Yes  8-Refused  to  answer 
2-No  9-Unkna^ 


13)  Contraceptive  foam 


1-  Yes      8-Refused  to  answer 

2-  No  9-Unkncwn 


14)  Jelly,  cream,  or  suppositories 


alone 


1-  Yes      8-Refused  to  answer 

2-  No       9 -Unknown 


15)  Diaphragm  with  jelly  or  cream 


1-  Yes      8-Refused  to  answer 

2-  No  9-Unknown 


16)  Douche 

17)  lUD,  coil  or  loop 


1-  Yes  8-Refused  to  answer 

2-  No  9 -Unknown 

1-  Yes  8-Refused  to  answer 

2-  No  9-^Jnknown 
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JL-U-  S. 


18a)  Did  you  ijse  an/  of  t±ie  above  nentioned  csontraoeptives  after  the  pregnancy  had 
begun? 

1-Yes     2-No     8-4?efused  to  answer  9-Driknown 
IF  NO  SKIP  TO  THE  NEXT  QUESTION 

IF  YES:     b.  Which  contraceptive?   .  

c.  How  long  during  the  preganacy 

did  you  u^e  it?  ^  

15)  Did  you  receive  care  from  a  doctor  or  other  health  professional 
during  your  pregnancy? 

1- Yes     8-Refused  to  answer 

2- iio  9-Unknown 

IF  NO:  GO  10  QUESTION  22a 
IF  YES: 

20)  In  which  month  of  your  pregnancy  did  this  care  begin?  

21)  HcM  many  heailth  care  visits  did  you  have  during  your  pregnancy  in  total? 


22a)  Did  you  smoke  during  pregnancy  with  (Index  Child)? 
1-Yes      2-No      8-Refused  to  answer  9-Unkncwn 

IF  NO,   SKIP  TO  THE  NEXT  QUESTION 
IF  YES: 

b.  Daring  which  months  of  the  pregnancy  did  you  smoke?  

C-  During  this  time  about  how  many  cigcurettes  did  you  smoke  a  day? 
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I.D.  f_  

r-mnFDC  CHUD^  did  you  drink  hous^old  tap  vater  and/or 

l_yes  8-Pefused  to  answer  9-Unknown 

IF  NO:  SKIP  TO  23d 

^  b,  HO-  coffee  or  tea  did  yc«  dri^  pregr^T 

Glasses  per  day   

c)  HO.  Ka^ci.  tap  water  ar^^^-a^  T^^^"""^ 
did  you  drink  per  day  during  the  pregnancy. 


Glasses  per  day 


.3a)  Did  yo.  dri^  any  wine.  ^  or  U<^r  pre^  "i-  *^^^>^ 

1-Yes     2-No     8-Refused  to  answer  9-l3nknc^ 

IF  NO,    SKIP  TO  THE  NEXT  PAGE 


IF  YES: 


d.  During  which 


ich  iponths  of  ti.e  pregnancy  did  you  drink?. 


During  this  time, : 

e.  HOW  mich  wine  did  you  drink  a  day  or  week? 

f .  How  Tnuch  beer  did  you  drink  a  day  or  week? 

g.  Hc^  much  liquor  did  you  drink  a  day  or  week? 


o;ri.-nt    (or  past) 

P-.lt  TiTT¥5 
1         ,1         i    I'-^    1  1 


G=^lasses 
C=cans 
B=bottles 
0=c)unoes 


D=day 

V"J=week 

M=TTionth 
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I 


I.D-  t 


Now,  I  vould  like  to  ask  about  illnesses  or  health  problons  you  may  have 
experienced  during  this  pregnancy. 

1.  2. 

V3hat  was  the  date  the 
24)  During  this  pregnancy,  illi>ess  began?  (If  date 

did  you  ever  have:  1-YES     8-^?EFaSED         unknown  tiy  to  identify 

2-NO       TO  ANSWER          mcxith  of  pregnancy) 
 9-UNKNCWN  


a.  measles? 


b.  rubella  or  German  measles? 
c-  chicken  pox  or  shingles? 
d.  influenza  or  flu? 


e.  h^>atitis? 

f .  genital  herpes? 

g.  fever  for  more  than  3  days 
in  a  rcM? 


h.  vaginal  infections? 


i .  mononucleDS  is? 


j.  vaginal  or  uterine  bleeding? 

k.  high  blood  pressure?  ' 

1.  pre-eclanpsia  or  toxenda? 

m.  protein  in  your  urine? 

n.  a  urinary  tract  infection? 

o.  nausea  and  voniiting  for 
over  3  months? 


p.  cytCTT>egalovirus  infection,  also 
called  Sell i vary  gland  virus  or 
inclusion  disease? 

q.  aplastic  anemia,  an  anemia  due 
to  bone  marrow  defects? 

r.  any  ot±ier  illnesses  or 

OCTiplications  I  haven't  mentioned? 
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I.D.  #. 


Now,  I  would  like  to  ask  you  abcxit  drugs  and  medicines  you  may  have  ta3osn  around 
the  time  of  ycxir  pregnancy  with  (Index  Child) .  It  is  iitportant  to  tell  me  about 
medicziticxis  ycu  received  as  ointments  or  injecticais  as  well  as  drugs  you  took  b^i 
mouth. 

First,  I  need  to  knew  dLf .you  breastfed  (Index  Child)  to  determine  whether  I  wiV 
need  to  ask  about  that  period. 


25)  Did  you  breastfeed  (Index  Ch.ild)?  1-Yes     8-^^efused  to  answer 

2-No  9-Unkncwn 


[IF  BREASTFED,   ASK  ABOUT  THAT  PERIOD.      SHOW  MOTHER  THE  MEDICATION  LIS 

26)    In  the  three  months  prior  to  pregnancy  or  during  pregnancy  (or  vtiile 


breastfeeding),  did  you  ever  take: 


EXPOSURE 

1- YES  8-REFUSED 

2-  NO        ID  ANSWER 

9-UNKNOWN 


a.  Airphetamines,  such  as,  Benzedrine,  used  to  decrease 
nasal  congestion,  decrease  appetite  and  as  a 
stimulant  for  depression? 


b.  Chloraiiphenicol ,  used  in  treating  resistant 
infections? 


c.  Chlorprcmazine,  used  to  treat  nausea  or  calm  nerver.' 

d.  Griseofulvin,  used  to  treat  fungus  infections? 


What  were  the  dati 
of  consunption":  I 
FROM  TO 


w 

Y 

w 

M/ 

Y 

Y 

_M,'  \   M/, 


e.  Oxyj±ienbutazone,  used  to  treat  inf  lairanation  v^hicJi 
causes  pain  and  cannot  be  controlled  with  aspirin? 


W       Y   1 1 


f.  Rienylbutazone,  such  as,  Butazolidin^,  used  to  treat 
inflammation  which  causes  pain  and  cannot  be 
OOTtrolled  with  aspirin? 


_M/  Y 


g.  Propylthiouracil,  used  to  treat  an  overactive  thyroid?_ 


W  Y  


h.  'l>olbutamide,  also  known  as,  Orinase  ,  used  to  treat 
diabetes? 


iV  Y 
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1. 

EXPOSORE 


2- 

■Khat  were  tiie  dates 
of  oonsunption? 

¥Pm  TO 


i.  Any  other  type  of  prescribed  medicaticxi  that  I  haven't  mentioned?  (SFBCIFY) 

1- Yes    8-Refused  to  answer 

2- ito  9-Unknown 


M/ 

Y 

M/ 

Y 

M/ 

Y 

M/ 

Y 

M/ 

Y 

W 

Y 

Now,  I  would  like  to  ask  about  nc«v-prescriptic«  drxigs.    You  may  consider  these  questions 
to  be  sensitive,  but  I  would  like  to  reassure  you  that  this  information  vdll  be  lo^jt 
oaipletely  oc«ifidential. 

j.  In  the  3  months  prior  to  pregnancy  or  during  the  pregnancy  (or  while 

breastfeeding) ,  did  you  ever  use  recreaticff^  drugs  such  as  marijuana,  oocsLLne,  or 
LSD? 


1-  Yes    8-Refused  to  answer 

2 - No  S-Unkncwn 


Now,  I  will  ask  you  about  diagnostic  procedures,  sucii  as  x-rays  which  you  might  have 
received  during  this  pregnancy. 

[CIRCLE   X-RAY  NUMBER  FOR  EACH   PROCEDURE   REPORTED,    NOTE   PROCEDURE  NUMBER] 


27)  In  the  3  months  prior  to  your  pregnancy  or  during  your  pregnancy, 
did  you  ever  have  any  of  the  following  diagnostic  procedures? 

1. 

EXPOSURE 

1-  YES      8-REFUSED  TO  ANSWER 

2-  NO  9-UNKNOWrJ 


What  was/were 
the  date(s)  of 
occurrence? 


a.  amniocentesis? 


M/  Y 


b.  ultrasound? 


M/  Y 


c.  upper  GI  series? 


fV  Y 
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EXPOSORE 
1-YES      8-FEFUSED  TO  ANSWER 


d.  X-ray  of  the  gallbladder? 

e.  barium  eneina? 

f .  IVP  or  cystogircan? 

a.  other  x-rays  of  Icwer  abdomen? 


[SPECIFY]. 


h.  X-ray  of  IcMer  back? 

i.  CAT  scan? 

j.  x-ray  of  baby's  size  and  position? 

k-  radiation  therapy? 

1.  X-ray  of  abdomen? 
Tn  the  three  i^nths^prior  to  your  pregnancy 
any 


"of  ule  iollc«i.W  dikgr^stic  pr««*^: 


2. 

What  vas/were 
the  date(s)  of 
oocurrenoe? 


i4/  Y 


M/  X 


M/  Y 


M/  1 


M/  Y 


2. 


VJhat  was/ 


Were  you  usually 
shielded  from  the       were  the 
x-ray  with  a  lead       cJates  of 

r^r^T-  vour  occurrence? 
apron  over  youi 

^Ddomen? 


1-YES  8-REFUSED  TO  ANSVJER 
9_^<}0    >-  Q-UNKNOWN  


M/  Y 


m.  chest  X-ray?- 
n.  dental  therapy? 


o.  other  x-rays  such  as  for  injuries? 
[SPECIFY].   ■  
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HcM,  I  vrould  lUfe  tjo  ask  about  anestbetics,  induiii^  general  anesthetics  to  put  you  to 
sleep  during  surgery,  or  local  anesthetics  such  as  novacaucne  for  d^rtal  procedures. 


28a)  Did  you  receive  any  anesthetic  at  any  time  in  the  3  months  prior  to  your  pregnancy 
or  during  the  pregnancy  (or  vAiile  breastfeeding)? 


1-Yes 


2-No 


8-ifefused  to  amswer 


9-Unknown 


IF  NO,   SKIP  TO  NEXT  PAGE 


IF  YES: 


ANESTHETIC  #1    ANESTHFTtc  #2 


Was  it  a  general  anestiietic  to  put  you 

1. 

General 

1 

1 

to  sleep  or  a  local  anesthetic  to  reduce 

2. 

liDcal 

2 

2 

pain? 

8- 

Refused  to 

answer 

8 

8 

9. 

Unknown 

9 

9 

c.  For  v^t  reason  did  you  receive  the 
anesthetic?  [DON'T  READ  LIST] 


1.  Surgery 

2.  Dental 

3.  Other 
[SPECIFY]_ 

8.  Refused  to 
answer 

9.  Unknown 


.(_). 


8 
9 


(_) 


d.  What  was  the  date  the  anesthetic  was  used? 


.M/  Y 


e.  Did  you  received  any  other  anesthetics  in  this  period? 
1-Yes       2-No       8-Refused  to  answer  9-Unkncwn 


IF  NO:  GO  TO  NEXT  PAGE 

IF  YES:  f.  What  was  the  reason  for  the  anesthetic? 
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I-D.  # 


In  the  3  mcaiths  prior  to  your  pregnancy  or  during  your  pregnancy  did  you  have 
exposure  to: 

a.  b. 

At  what  time 
during  your 
pregnancy  were 

29)  Pesticides,  like  roach  or  garden  spray?  you  exposed? 

1-  Yes     8-R9fused  to  answer       IF  YES:  •         W  Y 

2-  No  9-Unknown 

M/  Y 


30)  Herbicides,  like  weedkiller? 

1- Yes     8-Refused  to  answer     IF  YES:   ^^/  Y 

2-  No  9-Unknciwn 

 H/  Y 


31)  Oven  cleaner?- 

1-  Yes     8-Refused  to  answer     IF  YES:   ^V  ^ 

2-  No  9-Unknown 

 M/  Y 


32)  A  heating  pad  or  electric  blanket  on  a  regvilar  basis? 

1-  Yes      8-Refused  to  answer      IF  YES:      "   M/  Y 

2-  No       9 -Unknown 

 M/  Y 
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I.D-  #. 


Now,  I  want  to  ask  specifically  about  canoer  in  (Index  Oiild's)  family-'  Ijsukenda, 
lynphana,  and  Hodgkins  Disease  are  all  types  of  cancser  and  should  be  menticaied,  alcHig 
with  other  types  of  canoer  if  they  ocjcurred. 


33)  First,  I  vrould  li3ce  you  to  take  your  time  and  try  to  focus  c«i  each  of  (Index 
Quid's)  following  relatives  and  try  to  recall  if  they  were  ever  diagnosed  with 
canoer. 

1-  2.  3. 

1- YES  8-REFUSED 

2- tK)   TO  ANSWER        What  was  the*  What  was  the 
 9-UNKNOWN        type  of  canoer?  date  of  diagnosis? 

(INDEX  CHILD'S) : 

a.  Matemcil  grancJmother  


b-  Maternal  grandfather 


c.  Paternal  grandmother 


d.  Paternal  grandfather 


e.  Mother 


f.  Father 


g.  Sister(s) 


h.  Brother (s) 
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PART  V-     EXPOSURE  DATA. 
SECTION  A:  ENVIRDNMENTAL  EXPOSURE 


-.^  yi^    T  would  li3ce  to  ask  voQ  about  school(s)  that  (Index  Child)  attended-  Pie 
^in^^^i^  Scil,  inclxxiing  preschc«l,  that  (Index  O^ild)  attended. 


Please 


VJhat  vas  the  name  of  the  first 
(next)  sc±kool  (Index  Child) 
attended? 

NAME  OF  STHOQiyTOMN  


JV  Y    __JV  Y 


a.  .  

M/ 

Y 

M/  Y 



W 

Y 

IV  Y 

M/ 

Y 

IV  Y 

IV. 

Y 

IV  Y 

e.  

M/ 

Y 

M./  Y 

M/ 

Y 

M/  Y 

g-  — :  

M/ 

Y 

M,/  Y 

h. 


During  vhich  dates  did 
he/she  attend  school 
there? 

ClMTES 
FROM  
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I.D.  #. 


Now,  I  vjould  likie  to  ask  you  socoa  questions  regartiing  (Index  Child's)  hcbbies  and 
activities. 

2)  Did  (Index  Child)  eat  fruit  or  vegetables  raised 
in  the  family  garden  or  a  neighbor's  gardeai? 

1-Yes       2-No       SHRefused  to  answer  9-Urikncwn 

3)  Did  (Index  Child)  go  fishing  in  lakes  and  streams  in  Wobum? 

1-Yes       2-No       8-Refused  to  answer  9-Urikncwn 

4a)  Did  (Index  Child)  eat  fish  caught  in  the  lakes  and  streams  in  Wobum? 
1-Yes       2-tfo       8-Refused  to  answer  9-lftiknown 

IF  NO,   SKIP  TO  THE  NEXT  QUESTION 

IF  YES: 

b.  What  is  the  name  of  the  body  of  water  where  tlie  fish  were 
cauglit?  • 

5a)  Did  (Index  Child)  regularly  swim  in  lakes  and  rivers  in  Wobum? 

1-Yes       2-No       8-Refused  to  answer  9-Unkncwn 
IF  NO:  SKIP  TO  NEXT  QUESTION 

IF  YES:  b.  What  are  the  names  of  these  bodies  of  water? 


6a)  Did  (Index  Child)  regularly  participate  in  any  activities  or  lK±)bies  which 
wcxild  bring  hinyTier  into  contact  with  cheraiccils,  fumes,  dust  or  radiation? 

1-Yes       2 -No       8-Refused  to  answer  9-Unknown 

IF   NO,    SKIP  TO   NEXT  PAGE 

IF  YES:    b.  What  types  of  activities  were  these? 

Describe:  
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I.D.  S  

,_,es^     2-^  to  answer 

IF  no:  GO  TO  1HE  NEXT  QUESTION 
IF  yes:    b.  What  is  its  name?. 


e.  in  vhici.  city  or  tc-  is  it  located?. 


orrianizations  (e.g.,  Boyscouts, 
,    v^i^  to  any  ootmunity  organiza 
Ar-tivelv  belong  tx)  cu'jr 
8a)  Did  (B^ex  Qxxld)  actively 

Little  league,  etc.). 


^  ,^y-  9-Unkncwn 
l_Ves       2-Wo,     8-Befos«J  to  answer 

KO:   GO  TO  THE  NEXT  QUESTION 
IF  yes:  b.  Which  was  this?  


c.  Where  did  they  n«et  regviLarly?. 


rr      summer  cairp, 
^      O^d)  r^arly  t^vel  away  f r.-  ' 
9a)  Did  (B^ex  Ould)  r^ 
r^ar  vacation,  etc.)- 

l-Ves       2-No       8-Refused  to  answer 

IF  >W:  GO  TO  WE  NEXT  PAGE  destination? 

j,nd  location  of  tnis. 
IF  VES:  b.  What  was  the  na^e  and 
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i.D.  i  ^_ 

*  SBdlCN  B:  HCME  EXPOSURES 

Now,  I  would  li)02  tx>  ask  about  soma  electrical  appliances  that  (Index  Child)  may  have 
used  before  or  during  19  [DME  OF  DIAGNOSIS  OF  CASE] . 


Did  (he/she)  regularly  \ise  (a/an) : 

1)  Electric  blanket?  1.  Yes  2.  No  8.  Refused  to  answer  9.  Unknown 

2)  Heated  water  bed?  1-  Yes  2.  No  8.  Refused  to  answer  9-  Unknown 

3)  Heating  pad?  1.  Yes  2.  No  8.  Refused  to  answer  9.  Ifriknown 

IF  NO  TO  ALL  SECTIONS  OF  THE  ABOVE  QUESTION,    SKIP  TO  NEXT  PAGE 
IF  YES  10  ANY  PART,  OCOTTNUE  BELOW  WITH  APPROFRIATE  QUESTICWS  CWLY 
Over  v*iat  ages  did  (he/she)  use  the: 

4)  Electric  blanket?  Age:  years    to   years 

5)  Heated  water  bed?  Age:  years    to  years 

6)  Heating  pad?  Age:  years    to   years 


About  how  many  months  out  of  the  year  did  (he/she)  use  the: 

7)  Electric  blanket?   Months 

8)  Heated  water  bed?   Months 

9)  Heating  pad?     Months 
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SECTION  C:  ANIMAL.  EXPOSOPES 

New,  I  vould  luL  to  ask  you  some  qaestions  about  farm  animals  and  pets  (Index  Qiild) 
may  have  been  in  oontact  with. 


We'll  first  begin  with  farm  animals. 


1)  Did  (Index  Child)  ever  live  c«i  a  farm  vAiere  animals  were  "kept? 


1-  Yes 
2.  No 

8-  Refused  to 
answer 

9-  Unknown 


IF  NO:  GO  TO  IHE  NEXT  PAGE 
IF  YES: 


2)  What  types  of  animals  were 
on  the  farm? 


a. 

ANIMAL  #01 


ANIMAL  #02 


c. 

ANIMAL  #03 


ANIMAL  S04 


3)  Over  what  years  was  (he/she)     Frcro  19  From  19   Frcro  19   Frcm  19_ 

on  the  farm  with  these  animals    to  19  to  19  to  19   to  19_ 


4)  Did  any  of  the  farm  animals  have  leukemia? 


Yes  11  11 

No  2  2  2  2 

Ref  0  8  8    ■  8 

Unk  9     .  9  9  9 


5)  What  year  did  the  animal  have 

leukemia?  19  19   19   19_ 
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I'll  ask  you  sorae 


questions  about  household  pets- 


6) 


Did  (index  Quid)  ever  have  any  cats? 


1     Yes  2.  NO 

Refused  to  answer       9.  Unknown 


8- 


IF  NO:  GO  TO  CPESTION  10 
IF  YES: 


a. 

CKT  101 


b.- 

CKT  #02 


c. 

CAT  #03 


7)  over  what  years  did  he/she 
have  t±iis  cat? 


Fron  19  

to  19  


to  19_  _  to  19_  _  to  19_ 


8)  Did  (tills  cat/any  of  these  cats) 

ever  have  leukemia  or  cancer.   ^  1  i 

  2  -  2  ^ 


NO  2  ^  8 

Refused. 8  »   ^   9 

Unk  9  9  


IF  NO:  GO  TO  1HE  NEOT  QUESTION 


IF  YES: 

19_  _  19_  _  _ 

9) 


What  year  v/as/were  the  «t(s) 
diagrxDsed  witli  leukemia  or  cancer- 


—   ...        ;  INT^'  CHIID'S 

THE  Simr  ^^.^^ 

loa)  I  have  qoestions  o.r«^  (-^ex  c^W  s, 

you  if  I  contacted  him? 

I£  Ves:    b.  DO  you  know  his  address  and  phone  n^? 


If  No: 


GO  TO  QUESnnON  12 

cn^rina  a  fev.  questions  as  best  you  can  for  h- 
c.  Do  you  mM  then  answering  a  rev  q 

If  yes:  GO  TO  FA-niER'S  QUESTIONNAIRE - 

If  no:     GO  TO  PAGE  47,  QUESTK^^l^- 


e. 

CAT  #05 


f- 

CAT  #06 


CAT  #07 


h- 

CAT  #08 


From  19 


Fron  19_ 
to  19 


Fmn  19_ 
to  19 


From  19_ 
to  19 


YES  1  1  1  1 

NO  2  2  2  2 

REFUSED.. 8  8  8  8 

UNKNOWN. .9  9  9  9 


19  19  19  19. 
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^  Z^^DOOtm^  APPRDPKEME  PART. 

.^^•n-KTwrv  TN  IHE  SAME  HOUSEHOLD, 

READ:  Is  Mr-_  

TO  FAIHER'S  QUESnO^NAlRE] 


IP  anu)  IS  A  a:^^.-  go  to  ^  NE>cr  p;^,  pa^---^- 

sL?TO^NE<r  QUEZON,  EISE  PEAD:  ,  ,  „^ 

PTO^  PAGE,  lAST  PAKM2^) 
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Oculd  you  please  provide  nva  with  your  diild's  full  naine,  currart.  address  and  telephone 
number- 

CASE'S  NAME:  

CURRENT  ADCRESS:   


TELEPHONE  NUMBER: 


We  want  to  thank  you  very  nuch  for  participating  in  this  health  stucfy.  Your 
cooperation  is  essential  for  us  to  learn  nore  about  the  causes  of  disease  and 
eventually  ways  of  preventing  disease.    I  want  to  reassure  you  that  all  the 
informaticHi  you  provided  will  be  k^t  ccxifidential. 
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INDEX   CHILD'S    STUDY  NUMBER 


MASSACHUSETTS   DEPARTMENT  OF   PUBLIC  HEALTH 
THE   DIVIS'ION  OF  ENVIRONMENTAL 
EPIDEMIOLOGY  AND  TOXICOLOGY 

WOBURN  CHILDHOOD  HEALTH   STUDY  QUESTIONNAIRE 

FATHER'S  QUESTIO^^NA^RE 


INDEX   CHILD'S    STODY  NUMBER: 


Sex  Of  (Index  Oiild)         1-Male  2-Feine 

PART  I:  INrRDDUCnON 

MASSACHDSETTS  DEPARTMENT  OF  PUBLIC  HEALTH 
THE  DIVISiaN  OF  EtmUCS^MENIKL 

EPIDEMIOLOGY  AND  TOXICOLOGY 

WOBDRN  CHILDHOOD  HEALTH  STDDY  QUESTIONNAIRE 

1)   INDEX  CHIID'S  NAME  AND  ADK^ESS:   


2)   INTERVIEWEE'S  NAME  AND  ADDRESS: 


3)   INrERVII>JEE'S  TELEPHONE  j? ; 


A)  RELATIONSHIP  OF  INTERVIBVEE  TO  INDEX  CHILD: 


S)   D^TE  Or  T^r^EFC^JTC,s'■. 


"Hello,  nry  nanie  is  .     I  am  representing  the  Massachusetts 

Department  of  Public  Health  and  am  here  with  regard  to  our  appointment  for  the 
conpletion  of  the  Wobum  Childhood  Health  Study  Questionnaire.     May  I  come 
in?" 


"As  you  nay  be  aware,  this  stnjdy  is  being  conducted  among  a  sarple  of  children 
chosen  at  rando^n  frx:^  the  general  population.     Your  child  has  been  one  of 
those  selected  to  be  included  in  this  study.    Questions  will  be  mainly  about 
your  work  history,  where  you  have  lived,  and  you  and  your  child's  .medical 
histories  and  hofctoies.     Did  you  have  a  chance  to  review  the  letter  I  sent  you 
describLng  this  study?" 
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I-D-  fi. 


F  YES:  "Do  you  have  any "specific  questions?" 


"Let  n>e  remind  you  that  your  cooperation  is  carpletely  voluntary.    You  have 
the  right  to  withdraw  from  the  interview  at  any  time.    All  information 
collected  in  this  study  will  be  locked  and  kept  in  the  strictest  confidence  in 
accordance  with  Massachusetts  General  Laws.    No  use  will  be  made  of 
information  that  would  identify  you  to  anyone  outside  this  project." 


F  NO:  "Let  me  read  it  to  you."      [READ  LETTER] 


Before  v.'e  begin,  could  you  please  sign  this  consent  form  vtiich  indicates  that 
you  understand  the  purpose  of  this  study  aixd  your  ri^ts  as  a  participant  as  I 
have  just  reviewed  them  with  you." 

"Feel  free  to  take  as  much  time  as  you  need  to  answer  the  questions.    Some  of 
them  concern  events  which  took  place  many  years  ago  and  we  would  like  you  to 
answer  them  as  completely  and  carefully  as  you  can.    If  there  are  any 
questions  you  do  not  fully  understand,  please  let  me  know.     If  you  are  unsure 
of  an  answer  to  as  specific  question,  please  say  so." 


-2- 


PART  H:  muztary  histcry 
Fixst  let  me  ask  you  about  your  military  service  history. 

Xa)  Did  you  serve  in  the  Arned  Forces  prior  to  (in3ex  child's  mother's) 
pregnancy  with  (Index  Child)? 

1-Yes     2^to     8-i?efused  to  answer  9-Unknown 
IF  NO,    SKIP  TO  NEXT  PAGE 
IF  YES: 

b-  Which  branch  did  you  serve  in?  . 

c.  What  were  your  dates  of  service?  

d.  Did  you  serve  in  Vietnam,  Laos,  or  Cambodia? 
1-Yes      2^^o      8-Refused  to  answer  9-Unknown 

IF  m,  SKIP  TO  NEXT  PAGE 
IF  YES: 

e.  Where  did  you  serve?  f .  What  were  your  dates  oi 

service? 
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i-D-  j;  

PART  III:  OOOJPATIONAJL  DiPCH^MATION 
SECTION  A:  OOCLTPATiamL  HISTORY 


New,  I  have  scsm  questions  about  your  occupational  history  starting  with 

the  job  you  held  during   (hDNIH  AND  YEAR  OF  DIAGNOSIS  OF  CASE] 

back  to   1^[WD  YEARS  PRIOR  TO  OONCEPTION  OF  INDEX  CHIUD] . 

We  are  looking  for  enployer,  job  title,  nature  of  the  work,  duration  and 
potential  exposures.    Please  be  sure  to  note  if  there  were  any  job  title 
or  type  of  work  changes  within  the  saiT>e  ccxipany.     [NOTE:  PROMPT  THIS  AT 
THE  END  OF  EACH  JOB  DESCRIPTION] 
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lOeKTIFICATIOM  «UHB€R 


OCCUPATIOMAL  HISTORY 


1  1 

a. 

1 

b. 

1  ^- 

1  ^ 

\  UAS  T 

UKAT  IS/UA5  roUR  (  'S)  EKPtOTER'S 

VHAT  CIKO  OF  BUSIKESS  UAS  IT? 

j     UHAI  UAS  THE  TITLE  OR 

1  joe  f( 

NAM€  I  ADORSSS? 

1        KAHE  OF  THAT  JOS? 

OR  P/ 

1  JOG  #1 

TIM< 

i 

i 

1        ^  1 

j 

j 

FULL. 
PARI. 

UHCHOUM . 

..9  1 

..9 

1  um«:houh...9 

2  ( 

j 

fULL  . 
PARI  . 

i- 

.9  1 

..9 

1  uK»;Ha-m...9 

3  I 

]  • 

fUi  L  . 
PiP  I  . 

.9  1 

UN<NOUW  . 

.  .9 

1                                 UKCNO-'K  .  .  .9 

fuu. 

PtPI 

.9  1 

OMICHOUW  . 

.  .9 

1                                 OKCMCUK  .9 

1  full  • 
1  Piai 

1 

1  1 
1  i 
1  1 

JOS  0\ 

.   WHAT  IS/UAS  YOUR  <  'S)  e»«*LCnfER'S 

MAKE  t  ADORGSS? 

1 

b. 

UKAT  CIKO  Of  eUSIHESS  UAS  IT7 

1 

j    UHAT  UAS  TKE  TITLE  0« 
1        HAKE  Of  THAT  JOS? 

|d.  VIAS  TH 

[  joe  ruLL 

1  0«  PARI 
1  TIME? 

^  1 

1 

4 

i 

1 

! 

] 

1  fUH.-..l 
j  PARI. ..2 

.-9  I 

UMKHOUH . 

..9   j  UMKNOUM...9 

7  1 

1  fULL...l 
1  PARI... 2 

VUKUOUU.. 

.9  1 

UN<NOUH . 

..9   1  UH<H0UV...9 

£  1 

1  fULL...l 
1   PAR  I... 2 

UHCHOUH. . 

.9  1 

UHK».'1U». 

'•    1                         uvtuoun  .  .  .9 

IDEWrif ICATIOW  WUM8ER 


OCCUPATIONAL    HISTORY  COHTINUEO 


1          f . 

1 

1  i 

1       010  YOU 

1 

UHAT  HOWTH 

|UHAT  MONTH 

|DRINK  BOTTLED 

WHAT  UAS  THE  NATURE  OR  TYPE  OF  UORC  YOU  010? 

It  YEAR  010 

|&  YEAR  010 

1    WATER  AT 

OUR I KG  THAT  JOB 

010 

YOU  USE 

[ 

THIS  JOB 

(  THIS  JOB 

1     THIS  JOB? 

OR  UERE  YOU 

EXPOSED  TO: 

Joe  e\ 

START? 

I  ENO? 

(ask  individuaUy) 

j 

1  1  Yes 

YES 

NO 

UHK 

1 

1  2  No 

1 

1  8  Refused 

CHEMICALS  1 

2 

9 

1  1 

 /  

1   /  

1  9  Unknown 

fUHES  1 

2 

9 

1 

■ 

MO  YR 

1     HO  YR 

RADIATION  1 

2 

9 

! 

If  YES,  SPECIFY: 

[ 

UMKMOUW. 

.-9 

UM»;...9 

I  UMK...9 

1   1  Yes 

YES 

NO 

UNC 

I  2  No 

I  8  Refused 

CHcHICALS  1 

2 

9 

/ 

1   /  

1  9  Unknown 

FURIES  1 

2 

9 

MO  YR 

1     HO  YR 

RADIATION  1 

2 

9 

IF  YES,  SPECIFY: 

UHKNOUW. 

..9| 

UHK. . .9 

1  UH<...9 

1 

1  1  Yes 

1  t  J 

1 

1  2  No 

1 

1  8  Refused 

CHEMICALS  1 

2 

9 

3  I 

 /  

1   /  

1   9  Unknovm 

fUKES  1 

2 

9 

MO  YR 

1     MO  YR 

PAD  1  AT  ION  1 

2 

9 

I 

If   res,  SPECIFY: 

UNKMOUK .  . 

-9| 

VHK.  9 

1  UN<...9 

1 

1  1  Yes 

YES 

►.0 

UNK 

1 

1  2  No 

... 

1 

1  8  Refused 

CHEMICALS  1 

2 

9 

 /  

1   /  

1  9  Urvknoun 

FUMES  1 

2 

9 

MO  YR 

1     MO  YR 

RAOIAllOW  1 

2 

9 

IF  YES.  SPECIFY: 

UNKNOUN . . 

.9| 

UNC. . .9 

1  UN<...9 

1    1  Yes 

1  YES 

k.0 

UN«;  1 

1    ?  No 

1  8  RcfuscO 

CHfMlCAlS  I 

7 

9 

 /  

1   /  

1   9  UoVnown 

»u"cs  1 

2 

9 

MO  YR 

1      MO  TR 

PAOIAIIOM  \ 

2 

9 

llf    tfS.  SPECIFY: 

UN<M0i-'H  .  . 

.9| 

VJMC  .  .  .V 

1      UNI.  .  .  .V 

1 

c. 

|UHAT  HOMIH 

(UHAT  HOWIH 

|h.  010  YOU 

i . 

1 

WHAT  WAS  THE  MATURE  OR  TYPE  OF  UORK  YOU  010? 

|t  YEAR  010 

|&  YEAR  010 

(ORiKK  eoriLEO 

DURING  THAT 

JOS 

010 

YOU  USE 

1  THIS  JOB 

1  THIS  Joe 

1    WATER  AT 

OR  WERE 

YOU 

EXPOSED  TO: 

[  START? 

1  ENO? 

1     THIS  JOB? 

<as(c  individually) 

[ 

j  1  Yes 

YES 

NO 

UHK 

1 

1  2  No 

\  a  Refused 

CHEMICALS 

1 

2 

9 

6  1 

 /  

1   /  

I  9  Unknown 

FUMES 

1 

2 

9 

HO  YR 

1     HO  YR 

RADIATIOM 

1 

2 

9 

J 
S 

IF  YES.  SPECIFY 

- 

VUKUOUX. 

.9 

UMtC. .  .9 

1  UHK...9 

j 

1  1  Yes 

YES 

NO 

OHrC 

j  2  No 

... 

(  8  Refused 

CHEMICALS 

1 

2 

9 

7  1 

 /  

I   /  

1  9  Unknoun 

FUMES 

1 

2 

9 

MO  YR 

1      MO  TR 

RADIATION 

1 

2 

9 

If  YES  SPECIFY 

] 

UNKWOUH . . 

.9 

UHK. . .9 

1  UHtC...9 

1  1  Yes 

YES 

KO 

OH< 

1  2  Ho 

1  8  Refused 

CHEMICALS 

} 

2 

9 

6  1 

 /  

1  /  

1  9  Unknown 

FUMES 

1 

2 

9 

MP  YR 

1      M.O  TR 

RAOl AI ION 

\ 

2 

9 

IF  YES.  SPECIFY 

UN C NOUN . . 

-9 

m<. .  .9 

1  UWtC.V 

I.D.  #. 


gECjrCON  B:  EXPOSDRE  IHSTCKY 


if  ycu 
jobs.  If 


d. 


rwT^CAL  NAME 


EXPOSORE 
1-YES  8^?EFUSED 
TO  ANSWER 
7-NO  9-ONKNCWN 


DURING  WHICH  DMES 
VIEKE  YOa  EXPOSED? 
FROM  TO 


VJHICH  JOBS 
VJERE  YOO  EXPOSED 
<[Q  «rHIS  CHEKICAL? 


HOW  OFTEN 
WERE  YOU 
EXPOSED? 

1- ALWAYS 

2- SOMEnMES 

3- RARELY 


1)  COKE  OV-EN  EMISSIONS 


1- ALKAYS 

2-  SOMEmiES 

3- RARELY 


2)  LEAD 


H/  Y 


1- ALWAYS 

2-  SOMEriI--Q2 

3- RARELY 


'  3)   POLYVINYL  CHLORIDE 


M/  Y   W. 


1-  ALHAYS 

2-  sa<EnME 

3-  RARELY 


A)  CHLOROFORM 


iV  Y  W  ^ 


1  -;OJ-iAYS 
3-Rf^RELY 


5)  IONIZING  RADIATia^ 


M/  Y   W  ^ 


1  -AUiAYS 

2-  sa-iETm' 

3-  RARELY 


6)  PESTICIDES 


 M/  Y   M/. 


1-  AU^f7\YS 

2-  SOMEni 

3-  RARELY 


7)  HERBICIDES 


_H/  Y   ry  Y 


1-  ALl>rAYS 

2-  SOMETl 

3-  RARELY 


/  < 


8)  SOLVDnTS 


_M/  Y   IV.  Y 

-9- 


I-D.  1 


Did  you  ever  use  or  vere  you  ever  exposed  to  any  of  these  specific  ch^iicals,  while  at 
work? 


a. 

EXPOSURE 


DURING  WHICH  DATES      AT  WHICH  JOB  WERE 


d- 

HOW  OFTEN" 


1-YES 

8-^?EFUSED 

WERE  YOU  EXPOSED? 

YOU  EXPOSED  TO 

WERE  YOU 

TO  ANSWER 

FROM 

TO 

THIS  CHEMICAL? 

EXPOSED? 

CHEMICAL  NAME  2-NO 

9-UNKNOWN 

W 

Y 

fV  Y 

1-ALWAYS 

2 -SOMETIMES 

3 -RARELY 

9)  CARBONi'EiKACHLDRIDE 

M/ 

Y 

W  Y 

J 

1- AIWAYS 

2- SOMETIMES 

3 - RARELY 

10)  BENZENE 

w 

Y 

M/  Y 

- 

1-AIWAYS 

2-SOMEnMES 

3 -RARELY 

11)  TDLUENE 

Y 

M/  Y 

1- AU^IAYS 

2-  SOMETIMES 

3 -  RARELY 

12)  XYLENE 

M/ 

Y  . 

W  Y 

1-ALWAYS 

2-SCMEnr^ES 

3 -RARELY 

13)  TRICHIDROETHYLENE 

M,/ 

Y 

M/  Y. 

l-AIWAYS 

2-SCMEnMES 

3 -RARELY 

14)  METHYLENE  CHIDRIDE 

M/ 

Y 

M/  Y 

-10- 


:/IEWER 


^t'fii  ain^  FKn^ER  if  re  wtll^ 

,f.IPUE3i:  TBE  FEMAHMJ  Ol  3n  the  same 

LSE  EETOFN  ID  1HE  MCrn'"3«»  ^  ^nrrMNS  ONIir  TO  IHE  TB^I^'* 

*(itfTl10N  WHICH  PDIZOCl.  '''' 

lE  E?miER  AND  CHUD  I'lViu 


I  I 


PART  IV:  RESrraNITAL  HISTORY 


Now,  I  vA3uld  like  t£)  ask  you  about  residences  you  and  (Index  Child)  have 

lived  in.    We  will  begin  with  the  residence  ycu  lived  in  during  

[MCWIH  AND  YEAR  OF  DIAGNOSIS  OF  CASE]  and  work  back  to  the  residence  you 

lived  in  during  [MONTH  AND  YEAR  2  YEARS  PRICS^  TO  OONGEFTION 

OF  INEEX  CHUD] . 


(IF  INEEX  CHILD  IS  ADOPTED  OR  UVED  WITH  A  GUARDIAN,  THEN  ASK  FOR  THE 
RESIDENCES  THE  CHILD  MAY  HAVE  LIVED  IN  PRIOR  TO  LIVING  WTIH  INTER^TTEWEE] 


|0€«TIFICAHO« 


R  e  s 


I  0  e  H  ^  I 


H  I  S  T  O  R  T 


;io 

3. 


f«0« 


UHAT  UAS  THE  ADORESS  Of  THE 

(1ST.  2K0.  ETC.)  RESIOEMCE? 


WHAT 
TEAR  TO 


WHAT 
WAS 


b. 


<1. 


YEAR 
THAT? 


to 


j      HOU  WAS  THE  I 

(    WATER  SUPPtteO  1 

j          TO  THIS  1 

RESIOEHCE?  1 


tlV.NC  IK  THIS  HOUSCHOU) 
0,0  (IKOeX  CHILD)  ORIK<  HOSTLT... 


I 

•I  

I  1 

1  2 
I  8 
I  ^ 
1 
I 
I 
1 


u^i  1     IT  Household  tap  «at«r 
Private  well    M   ;  ,    coffee  or  jutcej 


and  beverages  1 
fro-  tap  water.i.e.  coffee  or 

Refused  I  ^  «<  coffee  or  i<J«ce  I 

I  bottled  water  soch  as  cotict: 

3  bevec,.es.i.e..oda.beer. 
or  juice  not  oeedio,  added  water  i 

j  8  Refused  ^ 
j  9  Uoknovin 


9  UHtCMOUH 


- "'''''717  1 'r'no^ehold  tap  «ate^4^™l  t>---^^5«  .  ' 

I  1    Private  Ucll     ]  ;        coffee  or  uicel 

—  , ,  p^uc      -";-:.ri,';:„„,„  ^  <.^, 


I  8  Rc<used 
j  9  Unkoovrn 

I 
1 

1 


I  2  Bottled  water  and  beverages 
j^.aed  uater  such  as  coffee  or  3u.cc  , 
1  3  Store-bou9ht  beverages. i .e-soda.beer. 
Uu.  or  iuice  00c  oe^^.os  —  « 

I  £  Refused  ^ 
I  .  9  Unfcrvsun  ^ 

and  beverages  1 
coffee  or  juiccj 
,  2  settled  water  arxi  t>everages  »^de  fro^l 
Ibotaed  water  such  as  coffee  or  ju.ce  1 
I  3  store-bought  beverages. i -e. soda, beer, 1 
or  ju.ce  not  needing  added  water  | 


9  U«tMCW« 


\'\  Private  UeU  1  1  Household  tap  water 
,   2    Public  uater     jmade  froo  tap  water. ..e 


I  2 

I  8  Refused 
I  9  Unknown 

1 
I 
I 


9  OWtMOUW 


I  6  Refused 

,  1  9  Unknown 

9-UW<>''CMM     I  * 


I  2  Bottled  water  and  beverages  ovade  fro^-l 
jtxjttled  water  such  as  coffee  or  ,uicc  1 
I  i  store-bought  beverages. . -C. soda, beer, j 


I  2  Publ 
j  8  Refused 
I   9  Unknown 


9  o««:»*<>'»' 


I 


ImiU.  or  (U 
I  8  Refused 

I   9  Vrikf^O^ 


,ce  r>ot  nccOinq  added  water 


,   ,  Household  tap  water  and  beverages  ^ 


1  1 

I  2  Put)l  «c  uatcf 

I  8  l)c<i/r.r<1 

I  9  U'V.  rw>^> 

I 
1 
I 


ic<^  tap  water.i.e.  coffee  or  ,u.ce 
,  2  6o,t(c<1  -atcc  arvi  beverages  «o<lc  <ron.| 
Itxxtlco  water  sur.<  as  coffee  or  ,u.ce  \ 
,  J  store  boogtu  »>evcrages.  -  .c.  soda  .bee^  .  I 
or  ,u.cc  not  rv-<r3.og  aCkicd  -ote.  I 
'  1 


lOCKIIf  ICAHOM  KUK8CR 


j     KOU  HAMT  PeOPLC 

ISMOCED  CICAREIieS, 
CIGARS  0«  PJP€S  IN 
{THAT  KCXfSEHOU)  OAILT7 


ReSIOC«IIAL       HISTORT  COKIIKOCO 

010  TMIS  «eSI0e«C£  have  AKV  of  the  fOCLOUlMG  feATUReS? 
PtEASE  RESPOMO  AfTW  EACH  I  TEH. 


<f  of  smokers 


8  «<fos«d 


_cx:art>Y  tre«  o<-  ogriout tural  spraying 
Hou  <naoy  ti<w»  in  total?  

_pcst*  «r  insect  «xteo«iriatioo  in  ftoctse 
Mom  «aany  times  io  total?  

jmosquito  spraying  or  hogging 
How  many  ti«nes  in  total ?^  


_us«  of  ■"oo-p<rst*'  strips 
attached  garage 


_insectici<le  or  herbicide  treatment  of  yard  to  control  insects  or  weeds  C  Refused 

Hou  «nany  tiotes  in  total?   -  V  Unknown 


ti  of  smokers 


fi  Refused 
9  Unknotm 


_nearby  tree  or  agriculturzl  spraying 
Hou  many  titces  in  total?  ■ 

_pest  or  insect  exteoni«vatioo  in  house 
Hou  (nany  times  in  total?  

_«nos<}uito  spraying  or  foggir>g 
Hou  tnany  times  in  total? 


_use  of  **no-pesC"  strips 
attached  garage 


_insectic-Cfle  or  herbicide  treatoeot  of  yard  to  control   insects  or  ueeds  -8  Refused 

Hou  nviny  times  in  total?    V  UnVnoun 


t  of  smoters 


t  Refused 
9  Uokno»^ 


nearby  tree  or  agricultural  spraying 

Hou  many  times  in  tolal?___  

__pest  or  insect  eicterwioation  in  house 
Hou  many  times  in  total?  

•Toscjuito  spraying  or  fogging 
Hou  many  times  in  total? 


use  of  •"oo-pest"  strips 
attached  garage 


insecticide  or  herbicide  treatment  of  yard  to  control  insects  or  weeds 
Hou  many  tiroes  in  total? 


e  Re«u^e<i 

9     UrU  rKK/n 


-of  saiokers 


£  Refused 
9  Un*;noun 


_oeart>y  tree  or  agricultural  spraying 
Hou  many  times  in  total?  

_pest  or  iftsect  extermination  in  house 
Hou  many  times  in  total?  

_mosc}uito  spraying  or  fogging 
Hou  many  times  in  total?  


use  of  "oo-pest"  strips 
attached  garage 


insecticide  or  herbicide  treatment  of  yard  to  control   insects  or  weeds  8  Refused 

Hou  «r.any  times  in  total?  ^  linkno>jo 


o(  smokers 


Z  Refused 


_oearby  tree  or  agricultural  spraying 

Hou  many  times  in  total? 

pest  or  insect  eKtecminat ion  in  house 

Ho"  many  times  in  t'btal?  

_«»>os<juito  spraying  or  fogging 

♦<0«J  many   t  i«»CS    «n  total? 


_usc  of  •"oo-pesf"  strips 
attached  garag 


7.00 


insecticide  or  Hertjicidc  treJ<«"rni  o<  y.Trd  to  control    insects  or  weeds  6  Refus-C-i 

«oo  many  »  <«res   '"total?  9  Ki<-\\.ncy~-'- 


lOEKTIf ICATICm  UUMB£R 


R  e  s  I  0  e  N 

T  I 

A  L  HIST 

O  R  T 

1  1 

-1 

c. 

1                                d.  1 

1  ' 

J  f  ROH  t/HAT 

HOU  UAS  THE 

f         (Mtir  f  iviui^  lu  THi^  MTKf^HrM  n  1 

1             1        CHAT  UA.S  THE  ADDRESS 

Of  THE 

1     YEAR  TO 

WATER  SUPPLieO 

1      DID  <IHOeX  CHILD)  ORIHi:  MOSTLY...  | 

IKESIO-I                <1ST,  2K0,  ETC.) 

RESIOEHCE? 

I  t«AT  r£AR 

TO  THIS 

1  KO.  ( 

1  UAS  THAT? 

^  l_  -J  4  L/ 1_  "  ^ — ^  - 

1  1 

1 

Private  UeU 

2 

Public  Water 

I     ^  1 

1 

Rcf  iise<i 

f  2  6otclc^  water  cod  bcverj^c^  wva^e  froAi 

1    ! 

9 

j 

|ailk^  or  juice  oot  oeediog  added  water  j 

1  i.  Refused  j 

9  tfHiCNO'-'M 

1     O  — (  lii^tJl^  Mi 

f    ^  1  \r^r^eskje\  1 

1 

Private  Well 

f    1   HrM  rc^+w^l  H  Tan  uar^*"  J*fv^  Iw^f  ao^^  1 

2 

PijbHc  Uattrr 

III  WSNpTtr      •  <  V.^  •(                      WO^.'ZI    J    4.^«      V.V><  J\JI\.^1 

1     7  1 

1  1 

5 

.  Bottled  Water 

1    2   Bottled  W3tcr   3*"*^  L>CV^C35CS  cr^d^c  ^rcTij 

Refused 

IDOk^'tC^    *<3tC*     iVJCIl    «b    C<J  I  ICC    <J«      JUI<_C  1 

9 

UokrKJvm 

!  3  Srocc"t>ooght  t>cve'*i9^s^  i -<.soct3^t>ier^  | 

|ra5llc^  or  juice  oot  oeediog  a<icie<J  uatcr  | 

1  4,  Refused  1 

• 

1    ^  1  l/^L*  rw^uvi  1 
f     J         •*jHv*A  I  1 

1 

Private  Well 

1      1     %i       r<T  ^4^^           9           t  !•%  t  ^  r     '^^vH                 ^           c  1 

1    t   n\Ju^ciiOid   i.«p  waici    «nu  *jcvc<  oyci  | 

2 

Publ ic  Water 

j ctta^e  f coni  tap  woter^t.c.  coffee  of"  juicej 

e  1 

1  to 

3 

eoctled  Water 

1     ^    O     V  *.  V  vTvJ           I,  C  •      C*  tJ    IJC"C  t         C  i    •'*<?\JC     1  '  KF"  | 

'  1 

a 

R'r<cfsed 

|t)Ottle<J  wate^  soch  as  coffee  o*"  juice  ] 

• 

9 

1  3  S  t or e~ t?oo9^  ^  t>e raoes,  i  .c  .  so<J 3  ^  t>ce ,  | 

1 

1 

|cai(.i^  or  juice  fv-)t  oeediog  a<:k5e<3  waccf  ] 

I  <  Refused  | 

I 

1  S  liolcoown  1 

1 

Private  Well 

2 

Publ  ictJater 

1                   T  f^^n                 ^^r^^     1     ^       ^  4\i  i           XW"     ■  f  I  ■  /~  ^  1 

V  1 

1  1 

3 

Bottled  Water 

1    7          r  C  1          &j  3  r  ^  <~   .arvH         v<*    J  0^  c   auvi^      ^  /vn  1 

8 

Redfted 

Ibottled  water  soctx  as  coffee  or  juice  1 

9 

Ur>koo<Jn 

1  3  Store~txxight  b^v^ragcs^  i  .e.soda^b^^r ^  | 

Joillk,  or  juice  r>oc  neediog  added  cottf  ] 

1  <  Refused  \ 

1  9-UWtWOUM 

1  5  Ooijnotm  J 

1 

Private  Well 

1  1  Household  tap  water  aod  beverages  J 

? 

Potjl  ic  Waler 

Jovide  from  tap  water,  i.e.  coHee  or  juice] 

lO  1 

i  to 

i 

Got  t (rd  Water 

1  2  Bottled  wdcer  and  beveraoci  nv>dc  <ro™| 

« 

|l>ottlcd  water  sorh  as  co<<ee  or   juice  I 

V 

J  3  Store-bougtu  t>fver ages,  i  .e. soda, t>ecr_  | 

|<iii|V,   or    juice  rvot  r»rrdir»q  a<Jde<J  v<ater  | 

1  <.  Refused  1 

locwnr  icATioM  ««jNae« 


CICA.«?€IieS. 
CIGARS  OR  Pipes 


1 
I 
1 
I 
I 


lOCKlIAt       HISTOCT  COUJlMXS^fl 

1. 

010  THIS  R£SloeKC£  HAV6  AKT  Of  THG  fOCCOUlKG  fGAIU«CS7 
PLEASE  ReSPCHO  AfTCR  tACH  lXtH. 


XHAT  «OUSe«OCO  OAH.T?( 


1 
1 


8  Rcfviicd  ( 

9  Uokoouo  |_ 

I 

I. 


nearby  trc<  or  agrioAtoral  spr.yiog 
How  >»«r«y  ti«*«  total?  

rxrsO'or  insect  <:Ktcrmt<vstioo  in  hoarse 

Hou  oiany  tio»rt  total?  

_^«s<^lito  spraying  or  fog^iog 
Hou  «i»a<ty  times  in  total?  


_i/!i<?  <t<  •Vvj-pcst*'  ttrtps 


in£€Ctici<lc  or  h<rt>ici<le  trcat«w?nt  o(  yard  to  «MUra(  in-^octs  or  weeds 
Hou  «any  tiioes  in  total?  


8  Refused 
V  tk\Vrv>un 


jj?  of  saokers_ 


1 


8  Refused  } 

9  UnVcootAi  |_ 


nearby  tree  or  agricultural  spray i,v, 

Hou  aiany  ti«»cs  in  total?  

pest  or  insect  extermination  in  U^i-:<- 

Hou  many  ti«ncs  in  total?  

_nos<^iito  spraying  or  foggioq 
Hou  jnany  ti<ty:s  in  total?  


 iri<-  of  *'«v3-pcst'"  strips 

wMnrhed  garage 


insecticide  or  herbicide  trcalnvtu  <,<  y.,. ,]  ;o  i. ,•<-<•<-.  <><  urc<l .  '»  Refused 

Hou  many  tinvrS  in  total?   9  U.iV.nouo 


|S  of  sn«*:«'"S. 


e  Ret used  1 
9    Unknoun  j_ 


nearby  tree  or  igri cultural  S(>r.>yi,v, 

Hou  esvsny  tinvrs  in  total?  

pest  or  insect  extermination  in  tu^r.r 

HOU  <nanY  tir>es  in  total?  

_«vDSquito  spraying  or  fogging 

Hou  (Rany  ti«ncs  in  total?  

insecticide  or  herbicide  tre,>Vov-,,t  „i  y.„ ,) 
Hou  many  times   in  total?  


^i-.r  <i<  •■<io-f»cst*'  strijj:; 


e  p-fu-.c^j 

9  U<\t.fv><^ 


|r  of  s'^o»;e<-s_ 


£    Refused  \ 
9    OnJcooun  \_ 
1 

1. 
1 


nearby  tree  or  agricultural   s(»<  .-xy 

HOU  many  times   in  total?  

pest  or  insect  extcrmifvat  ion  (,.«,-.,- 

Hou  many  times  in  total?  

.noscpjito  spraying  or  foggi^vj 

Hou  many  ti<~:s  in  total?  

insecticide  or  herbicide  t< 
«Ou  many   times    in  total?  


II-.*-  <i<       vj  -  ( V--.  (  -  Strip'. 


•  1  t..  . 


n  frtu-- 
V  tloVc, 


J  I        oearby  tree  or  agricuttur.^t  :.^h..v„v, 

|r  of  s^Ve<s   1  ti-es  -n  totaU_ 

I  \        pest  or  insect  eK.term«n.m.«,  ...  u.^r..- 


10 


e     Refused  1         «ou  many  times   in  total  ?_ 

9    ooVno^  ,__,-os<^iito  spray.ng  or  fo<j.,..v, 

J         HOU  many  t  imCS   in  tOtat?_ 

j         insect. cide  or  t.erbicidc  tr,-^«-.-.,i   „»  y. 

}         KO^^  many  ti"*CS    in  total? 


I-D.  £ 


PART  V:  MEDICAT.  HISTmY 

J4o--,  I  want  to  as}-:  spocificcLLLy  about  canoer  in  (Index  aiild's)  family-  Leuk<3ania, 
Dynr^JKjm,  and  Hodgkins  Disease  arie  aUL  types  of  cancer  and  slxxild  be  nvantioned,  alcxig 
witli  ottter  types  of  canoer  if  they  oocurxed. 

1)  First,  I  vould  like  you  to  take  your  time  and  try  to  focus  on  each  of  (Index 
Child's)  following  relatives  and  try  to  recall  if  they  were  ever  diagnosed  with 
cancer. 

1.  2-  3. 

1-YES  8-REFUSED 

2^*3    ID  ANSWER        What  was  the  What  was  the 
 9-UNKNOWN         type  of  cancer?          date  of  diagnosis? 

(INDEX  CHILD'S)  : 

a.  Maternal  grandmother       z  

b.  Maternal  grandfather  

c.  Paternal  grandmother  

d.  Paternal  grandfatlier  

e.  Mother"       • 

f-  Father 


g.  Sij5ter(s) 


h.  Brother (s) 


-17- 


I 


I-D.  f. 


PART  VI-     EXPOSURE  DATA 

1)  ^^ow,  I  would  like  to  ask  you  about  scriool(s)  that  (Index  Child)  attended-  Please 
begin  with  the  first  school,  including  preschool,  tiiat  (Index  Child)  attended. 


1.  2. 


What  was  the  name  of  the  first 
(next)  school  (Index  Child) 
attended? 

During  which  dates  did 
he/she  attend  school 
there? 

NAME  OF  SCH00IVT3WN 

FROM 

TO 

a- 

M/ 

Y 

M/ 

Y 

b. 

M/ 

Y 

w 

Y 

c. 

rv 

Y 

M/ 

Y 

Y 

Y 

e. 

Y 

Y 

f. 

fV 

Y 

V 

g- 

M/ 

Y 

V 

h. 

w 

Y 

Y 

18- 


I.D-  ^. 


Now,  I  would  lite  tx)  ask  you  soma  questicais  regarding  (Index  Child's)  lKi±)ies  and 
activities. 

2)  Did  (Index  Child)  eat  fruit  or  vegetables  raised 
in  the  family  garden  or  a -neic^±)or's  garden? 

1-Yes       2-Mo       8-^tefused  to  answer  9-Unknown 

3)  Did  (Index  Child)  go  fishing  in  lakes  and  streains  in  Wobum? 

i-Yes       2-No       8-^tefused  to  answer  9-Unkncwn 

4a)  Did  (Index  Child)  eat  fish  caught  in  the  lakes  and  streams  in  W<±)um? 
1-Yes       2-iio       8-Refused  to  answer  S-Unkncwn 

IF  NO,    SKIP  TO  THE  NEXT  QUESTION 

IF  YES: 

b.  What  is  the  name  of  the  body  of  v;ater  wfiere  the  fish  were 
cau^t?  

5a)  Did  (Index  Child)  regulaorly  swim  in  lakes  and  rivers  in  Wobum? 

1-Yes  8-Refused  to  answer  9-Unkncwn 

IF  NO:  SKIP  TO  r^EXT  QUESTia^I 

IF  YES:  b.  What  are  the  names  of  these  bodies  of  water? 


6a)  Did  (Index  Qiild)  regularly  participate  in  any  activities  or  hobbies  which 
would  bring  liini/her  into  contact  with  chemicals,  fumes,  dust  or  radiation? 

1-Yes       2-No       8-Ref\ised  to  answer  9-Unknown 

IF  NO,    SKIP  TO  NEXT  PAGE 

IF  YEr3:    h.  V^liat  types  of  activities  were  these? 

Describe:  
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I.D.    1   :  

Did  (Index  aiild)  reguLarly  attend  a  ^^ecijEic  chundi  or  tenple? 
1-Yes  8^^-usQd  to  answer  9-Onknown 

IF  NO:  G3  ID  THE  NEXT  QUESTION 

IF  YES:    b.  What  is  its  naivG?  

c.  In  vtiicii  cit^'  or  town  is  it  located?  

8a)  Did  (Index  Child)  actively  belcxig  to  any-oomtnunity  organizaticaTS  (e.g.,  Boysoouts, 
Little  League,  etc.)? 

l-Yes       2-lio       SHRefused  to  answer  9-Unknown 
IF  NO:    GO  TO  THE  NEXT  C>UESTION 

IF  YES:   b-   Whici)  was  this?  

c.  Where  did  they  n>eet  regularly?  

9a)  Did  (Index  Child)  regularly  travel  away  from  home  (e.g. ,  sunirvir  carp, 

regular  vacation,  etc.)? 

l-Yes       2-i-io       8-Refused  to  answer  9-Unkncwn 
IF  NO:  C-O  TO  THE  NEXT  PAGE 

IF  YES:   b.   What  was  the  name  and  location  of  this  destination? 
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I-D.  ^ 


V 


SDCnm  B:  liOL^  EXPOSURES 


Nou',  I  would  like  to  ask  about  scstvb  electrical  appliances  that  (Index  diiJLd)  may  have 
Xised  before  or  during  19  (DMTE  OF  DIAQ^JOSIS  OF  CASE]. 


Did  (he/^^)  regularly  use  (a/an) : 


1)  Electric  blanket? 


1.  Yes    2.  No    8.  Refused  to  answer    9.  Unknown 


2)  Heated  water  bed? 


1.  Yes    2.  No    8.  Refused  to  answer    9-  Unknown 


3)  Heating  pad? 


1.  Yes    2.  No    8.  Refused  to  answer    9.  Unknot 


IF  NO  TO  ALL  SECTIONS   OF  THE   ABOVE   QUESTION,    SKIP  TO  NEXT  PAGE 
IF  YES  TO  ANY  PART,  OONTTNUE  BELOW  WTTJi  APPROPRIATE  QUESTIONS  ONLY 
O^er  what  ages  did  (he/she)  use  the: 


''.}  Electric  blanket? 


Age:_ 


_year5  to 


_years 


5)  Heated  water  bed? 


Age: 


vears  to 


_years 


6)  Heating  pad? 


Age: 


_years  to 


_years 


/•Ixxjt  ho*'  inany  months  out  of  the  year  did  (he/she)  use  t±ie: 


7)  Electric  blanket? 


Months 


8)  Heated  water  bed? 


Months 


9)  Heating  pad? 


Months 
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SBCrrW  C:  ANIMTVL  EDCPOSOTJES 

..tow,  I  voald  li3<e  to  ask  you  soo>3  questions  about  iann  animal^i  and  pets  (Inde^-  Quid) 
y  have  been  in  ocHitact  vd.tii. 

We'll  first  begin  with  farm  animals- 


1)  Did  (In3ex  Oiild)  ever  live  on  a  farm  v/here  animals  were  kept? 


1.  Yes 
2-  No 

8.  Refused  to 
answer 

9.  Unknown 


IF  NO:  OD  TO  THE  NEXT  PAGE 
IF  YES: 


ANIMAL  ^01        ANIMAL  #02        ANIMAL  #G3        ATOMAL  §04 


2)  What  types  of  animals  were 
on  the  farm? 


3)  Over  what  years  was  (he/she)     Frcro  19_ 
on  the  farm  with  these  aninals    to  19. 


FrxDEn  19_ 
to  19 


Froro  19 . 
to  19 


Fran  19_ 
to  19 


A)  Did  any  of  the  farm  animals  have  leukemia? 


Yes 
No 
Ref 
Unk 


1 
2 
8 
9 


1 
2 
8 
9 


1 
2 
8 
9 


5)  What  year  did  the  animal  have 
leukemia? 


19 


19 


19 


19 
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iw,  I'll  as}-:  you  sooe  questions  about  houseliold  pets. 


6)  Did  (Inlex  Oiild)  ever  have  any  cats? 


F  NO:  GO  TO  THE  NEXT  OUESTION 
IF  YES: 

9}    Wiat  year  was/were  the  cat(s) 

diagTX5sed  with  leukemia  or  caricer? 


d. 

03  CAT  S04 

19  From  19. 

19  to  19 


1  1 

2  2 

8  8 

9  9 


19  19 


1.    Yes  2.  No 

8-    Refused  to  answer       9.  Unknown 

IF  NO:  GO  TO  <3UESnON  10 

IF  YES:                                                   a.  b.  c- 

CAT  ^/Ol  CAT  #02  CAT  # 

7)  Over  v^t  years  did  he/she 

have  this  cat?                           Fran  19   Frcra  19   Fran 

to  19  to  19  to 


8)  Did  (this  cat/any  of  these  cats)  ever  have  leukemia  or  cancer? 

Yes  1  1  

No  2  2  

Refused. 8  8  

Unk  9  9.  


RETOra^  TO  hJOTHER'S  QUESTia^^PORE,  PAGE  47,  QUESTION  12. 
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e. 

CAT  g05 


f. 

CAT  f06 


g- 

CAT  *07 


h. 

CAT  #08 


Fran  19 


Fran  19_ 
to  19 


Fran  19_ 
to  19 


From  19_ 
to  IS 


^  1  1  1  1 

NO  2   2  2 

REFUSED.. 8   Q  g 2 


19 


19 


19 


19 
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APPENDIX  XI 
Murphy  Water  Distribution  Model 


SUMMARY 


In  May  of  1979  the  Massachusetts  Department  of  Environmental 
Quality  Engineering. (DEQE)  discovered  that  Wells  G  and  H,  two 
public  drinking  water  wells  in  Woburn,  Massachusetts,  were 
contaminated  with  toxic  chemicals.     These  wells  were  then 
shvt  off. 

Subsequent  studies  of  the  health  of  the  people  of  Woburn  have 
indicated  that  the  city  had  a  higher  level  of  childhood  illness 
than  would  normally  be  expected.     Research  is  currently  being 
undertaken  to  determine  the  rate  of  adverse  reproductive  outcomes 
within  Woburn,  and  to  test  associations  between  these  outcomes 
and  exposure  to  environmental  contaminants,   including  the  water 
from  Wells  G  and  H  during  the  periods  of  their  operation.  This 
report  presents  the  calculation  of  this  exposure  as  a  function 
both  of  roughly  fifty  hydraulically  distinct  neighborhoods  within 
Woburn  and  of  the  114  months  of  Wells'   G  and  H  operation. 

The  method  used  to  calculate  this  exposure  to  water  from  the 
wells  begins  with  a  computer  model  of  the  water  distribution 
system  that  was  developed  by  the  author  under  a  previous  contract 
with  DEQE.     This  Woburn  water  distribution  model  was  applied  to 
the  various  pumping  and  water  use  configurations  that  occurred 
during  each  month  that  Wells  G  and  H  were  in  operation.  The 
results  of  these  calculations  were  then  individually  analyzed 
with  a  hydraulic  mixing  model  to  calculate  the  mixture  of  water 
supplied  to  each  neighborhood.     Finally,   the  resulting  mixtures 
were  combined  in  proportion  to  the  period  of  their  occurence 
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during  each  month  to  provide  a  monthly  average  exposure  index  for 
each  neighborhood  and  each  month.  These  indices  v/ere  also  summed 
to  determine  the  cumulative  exposure. 

The  validity  and  error  levels  of  the  distribution  and  mixing 
models  were  analyzed  by  comparing  computer  predictions  of 
fluoride  concentration  distributions  in  both  San  Jose,  California 
and  Woburn  with  concentrations  measured  during  field  tests.  The 
locations  of  the  boundary  between  the  zones  with  and  without  the 
fluoride  tracer  were  predicted  within  one  pipe  junction  of  where 
they  were  observed.     The  root-mean-square  differences  between 
predicted  and  observed  dilutions  were  roughly  thirty  percent. 

The  levels  of  exposure  to  water  from  Wells  G  and  H  were  found 
to  vary  widely  as  is  shown  by  Figures  10  to  15.     Typically  the 
neighborhoods  south  and  west  of  the  center  of  the  city.  Main 
Street  and  Montvale  Avenue,  received  no  or  very  little  water  from 
Wells  G  and  H.     The  neighborhoods  of  east  Woburn  along  and  near 
Washington  Street  received  water  mostly  from  Wells  G  and  H 
whenever  those  wells  were  pumping-     The  mixture  zone  between  the 
two  water  sources  ran  along,  or  just  to  the  east  of;   Main  Street. 


I.  Introduction 

In  May  of   1979  the  Massachusetts  Department  of  Environmental 
Quality  Engineering  discovered  that  Wells  G  and  H  in  Woburn, 
Massachusetts  were  contaminated  with  toxic  chemicals.  These 
wells  were  shut  off  and  have  not  been  used  for  water  supply  since 
then,  but  they  had  been  in  service  for  2995.5  days  since  their 
installation  in  1964.     The  rest  of  the  city's  wells  were  not 
contaminated  and  continue  in  operation.     The  Metropolitan 
District  Commission  supplied  the  water  required  to  replace  the 
water  that  had  been  supplied  by  the  two  wells. 

Various  studies  (7,8,9)  of  the  health  of  the  people  of  Woburn 
indicate  that  part  of  the  city  had  a  higher  incidence  of  certain 
childhood  illnesses,   including  lymphocytic  leukemia,   than  would 
normally  be  expected.     The  affected  part  of  Woburn  roughly 
coincided  with  the  area  served  by  the  two  contaminated  wells. 
The  water  distribution  system  of  Woburn  was  analyzed  by 
Helen  A.   Waldorf  and  Robert  K.   Cleary  of  the  New  England 
Interstate  Water  Pollution  Control  Commission.     Based  on 
their  1984  report(lO),   a  1986  journal  article(2)  by  Lagakos, 
Wessen,  and  Zelen  has  reported  that  the  rates  of  childhood 
illness  have  "a  statistically  significant  positive  association" 
with     the  use  of  water  from  the  two  contaminated  wells.     A  second 
water  distribution  analysisO),   made  by  the  author  to  evaluate 
and  complement  the  study  of  Waldorf  and  Cleary,   concurred  with 
their  overall  assessment. 

At  present  the  Centers  for  Disease  Control,   the  Massachusetts 
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Department  of  Public  Health  and  the  Massachusetts  Health  Research 
Institute  are  jointly  working  under  a  Cooperative  Agreement  to 
test  statistical  correlations  between  environmental  exposure  to 
various  chemicals  and  reproductive  outcomes  in  Woburn.  Various 
media   (air',  water,  soil)   in  Woburn  are  known  to  be  contaminated, 
and  so  exposure  through  all  these  media  will  be  examined  as  part 
of  this  Cooperative  Agreement.     The  water  from  Wells  G  and  H  is 
one  pathway  of  this  exposure.     Thus  the  calculation  of  the  degree 
of  exposure  to  contaminated  water  from  Wells  G  and  H  is  needed 
for  this  study.     The  Massachusetts  Health  Research  Institute  has 
contracted  with  the  author  for  the  performance  of  that  work. 
This  report  presents  the  computer  model  of  exposure  of  exposure 
to  water  from  Wells  G  and  H. 

The  ideal  description  of  exposure  to  water  from  Wells  G  and  H 
is  the  determination  of  the  concentration  history  of  each 
of  the  various  hazardous  chemicals  in  the  water  delivered  to  each 
residence  during  the  active  lifetime  of  the  wells.     First,  the 
history  of  the  concentration  of  each  chemical  at  the  two  wells 
must  be  described.     Although  hydrogeologic  investigations  and 
groundwater  quality  evaluations ( 1 , 6 )  have  determined  some 
characteristics  of  the  groundwater  contaminant  plumes  that 
supplied  water  to  Wells  G  and  H,   the  wells'   chemical  history  data 
are  limited.     The  only  measurements  of  contaminant 
concentrations  of  the  well  water  were  those  leading  to  the 
shutdown  of  the  wells.     This  report  does  not  address  this  issue, 
but  rather  assumes  that  the  wells  were  contaminated  whenever  they 
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were  pumping.     The  second  part  of  the  exposure  description  is  the 
determination  of  the  history  of  the  distribution  of  the  water 
from  Wells  G  and  H  to  describe  the  amount  of  that  water  used  by 
every  residence  in  Woburn.     This  report  presents  a  study  of  G  and 
H  exposure  using  the  author's  water  distribution  model  to 
calculate  exposure  in  greater  detail  than  was  presented  in  the 
authors 's  previous  report (3). 

That  report/   "Water  Distribution  in  Woburn/  Massachusetts/" 
only  presented  flow  patterns  during  twelve  characteristic  months / 
with  each  pattern  dividing  Woburn  into  three  zones:   Zone  A  with 
no  G  and  H  water.  Zone  B  with  G  and  H  water,   and  Zone  C  with  some 
mixture  of  G  and  H  water  and  water  from  the  other  wells.     In  the 
present  study  the  author's  water  distribution  models  for  the  1964- 
1969  pipe  network  and  the  1970-1979  pipe  network  are  applied  as 
before  to  obtain  water  distributions  for  each  month  of  the 
exposure  period.     An  additional  computer  program,   which  accounts 
for  the  mixing  of  water  from  Wells  G  and  H  and  the  other  Woburn 
wells  during  each  month,   is  used  to  calculate  an   "exposure  index" 
for  over  fifty  hydraul ically  different  neighbor hco:js  within 
Woburn.   This  exposure  index  is  the  product  of  the   fraction  of  the 
month  when  any  contaminated  water  reached  a  particular 
neighborhood  and,   during  that  period  of  the  month,   the  fraction 
of  the  water  delivered  to  that  neighborhood  which  came  from  the 
contaminated  wells-     For  example  if,  during  half  of  June,  one 
third  of  the  water  at  node  40  came  from  Wells  G  and  H,   then  the 
exposure  index  at  node  40  for  June  would  be  one  sixth. 
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Since  this  report  is  founded  on  the  author's  previous 
report, that  report  is  referenced  often  herein.  Readers 
interested  in  the  details  of  the  water  distribution  model  are 
referred  to  that  report(3). 
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II.   Reviev  of  Woburn  Water  Distribution  Model 

In  general  the  Woburn  vater  supply  system  takes  water  pumped 
from  the  ground  at  the  City's  wells  and  delivers  it  through  a 
pipe  network  to  the  residential  and  business  consumers  of  water. 
In  order  to  deliver  the  amounts  of  water  needed  by  the  consumers/ 
the  system's  operators  use  pump  control  valves  and  water  storage 
tanks  and  reservoirs  to  regulate  the  water  distribution.  This 
section  of  the  report  describes  this  water  supply  system  through 
the  use  of  computer  models.     Since  this  study  is  founded  on  the 
author's  previous  report/   "Water  Distribution  in  Woburn, 
Massachusetts,"  that  report  is  referenced  often  herein.  Readers 
interested  in  the  details  of  the  water  distribution  model  are 
referred  to  that  report  (3). 

Ila.  Woburn  Water  System  Data 

During  the  1964-1979  period  when  Wells  G  and  H  were  in 
service  the  Woburn  water  pipe  network  changed  very  little.  In 
1970,  however,   some  growth  occurred  in  northeast.  Woburn  and  so 
two  separate  computer  models  of  the  pipe  nctvork  vere  needed,  one 
for  the  1964-1969  period  and  one  for  the  1970-1979  period.  Each 
model  is  a  simplified  description  of  the  pipe  network.  The 
simplification  of  the  networks  was  done  to  reduce  the  computer 
time  needed  for  the  analysis.     Figures  1  and  2  show  these 
simplified  pipe  networks. 

The  principal  simplification  of  the  pipe  networks  was  the 
elimination  of  pipes  that  were  not  part  of  pipe  loops.     The  users 
water  demands  of  the  omitted  "dead  end"  pipes  were  assumed  to 
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occur  at  the  nearest  pipe  junction  (node)  of  the  remaining 
"looped"  pipes.     A  second  simplification  was  the  elimination  of 
small  pipes  whose  carrying  capacity  was  less  than  one-hundredth 
of  that  of  larger  pipes  connecting  the  same  pipe  junctions. 
Finally/  equivalent  lengths  of  pipe  were  used  to  simplify  cases 
where  two  different  diameters  were  found  between  junctions  and 
also  where  a  number  of  small  pipes  were  located  in  parallel. 
These  simplifications  did  not  appreciably  change  the  results  of 
the  computer  analysis,  and  they  did  significantly  reduce  the 
computer  time  used  in  finding  the  water  distributions. 

The  data  needed  to  present  the  principal  water  pipes  as  input 
for  the  computer  models  are  given  mainly  in  Table  1.     This  table 
gives  a  detailed  list  of  these  pipes'   ages,  types,  dimensions, 
locations,  and  interconnections.     While  this  list  was  well 
documented ( 3 )  ,  the  hydraulic  roughness  of  the  pipes  was  not. 
Therefore  data(3)  from  1983  pressure  tests  of  fire  hydrants,  done 
for  the  ISO  Commercial  Risk  Services  Company,   were  used  to 
"adjust"   the  pipe  roughness  values.     This  adjustment  was  a  part  . 
of  the  calibration  process  of  the  com.puter  models.     That  process 
is  explained  later  in  section  lib  of  the  report. 

The  City  of  Woburn  does  not  have  water  meters  for  all  its 
water  consumers  and  did  not  preserve  the  1964-1979  readings  of 
the  meters  it  did  use.     Residences  are  charged  a  fixed  annual  fee 
for  water,   while  large  commercial  and  industrial  users  have  meters 
which  are  read  twice  each  year.     Meter  readings  in   1984  accounted 
for  21  percent  of  the  water  supplied.     In  order  to  estimate  the 
residential  water  use  an  average  water  consumption  of  370  gallons 
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per  day  per  residence  was  combined  with  the  addresses  of  the 
residential  consumers.     Although  there  was  some  evidence(3)  of 
significant  leakage  flows,  because  of  their  uncertain  location  nc 
attempt  was  made  to  include  the  spatial  distribution  of  leakage 
in  modeling  the  user  demand  distribution.     Thus  the  water  bills 
of  1984  were  used  to  prepare  a  street  by  street  distribution  of 
water  consumption.     This  distribution  was  then  simplified  by 
subdividing  Woburn  into  nearly  fifty  user  demand  areas  with  each 
corresponding  to  a  representative  water  supply  pipe  junction 
(node)  in  its  area.     The  boundary  between  two  user  areas  was 
placed  in  the  middle  of  the  pipe  connecting  the  two  neighboring 
pipe  junctions.     Thus  each  user's  residence  was  roughly  assigned 
to  the  pipe  junction  from  which  its  water  came.     Table  2  gives 
the  street  list  for  each  user  area  and  Figure  3  relates  the  user 
demand  areas  to  the  pipe  network  and  the  principal  streets  of 
Woburn.     The  locations  of  wells,   reservoirs,  and  non-residential 
pipe  junctions  are  other  node's  which  are  also  shown  in  this 
figure. 

Although  Table  2  is  the  principal  description  of  the  user 
demand  areas,  the  study  of  adverse  reproductive  outcomes  will 
locate  residences  in  Woburn  through  geocodes,  a  numerical  system 
of  geographic  location.     Such  numerical  systems  also  permit 
computer  graphics  presentation  of  the  exposure  results.  Since 
the  following  coding  of  the  user  demand  areas  is  only 
approximate,   the  street  lists  of  Table  2  should  be  used  to 
determine  the  demand  area  of  any  particular  residence. 
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The  author  has  obtained  through  the  University  of 
Massachusetts  Computing  Center  the  numeric  codes  assigned  by  the 
U.S.  Census  Bureau  to  describe  Woburn.     In  general  these  codes 
are  composed  of  polygons  (multi-sided  geometric  areas) 
representing  the  shapes  of  the  states,  counties/   towns,  and 
Census  tracts.     These  geometric  data  are  presented  in  the  Dual 
Independent  Map  Encoding  (DIME)   format  in  Tables  3  and  4.  This 
DIME  format  is  commonly  used  for  cartographic  data  files.  Each 
data  line  in  the  tables  describes  a  straight  line  segment  of  the 
boundary  between  two  areas  identified  by  state,  county,  town,  and 
Census  tract.   In  this  system  Massachusetts  is  25,  Middlesex  County 
is  017,   and  Woburn  is  270,  and  these  are  assigned  here  as  a  part 
of  the  numeric  codes  for  each  line  in  the  maps  of  the  user  demand 
areas.  The  usual  Census  tract  codes  have  been  replaced  by  user 
demand  area  codes.     (Note  that,  because  of  the  input  format  of  the 
graphics  program,    100  has  been  added  to  the  number  of  the  user 
demand  areas   in  Figure  3  in  order  to  form  the  gcocodcs   for  these 
areas.)     The  straight  line  segments  of  the  t-jr.^arics  between  the 
user  demand  areas  are  defined  in  the  tables  ty  ♦.he  coordinates  of 
their  endpoints.     The  vertical   (North-South)  coordinate  of  each 
point  is  its  latitude  in  degrees  and  ten-thousandths  of  a 
degree.     The  corresponding  horizontal   (East-West)   coordinate  is  a 
modified  longitude  in  degrees  and  ten-thousandths  of  a  degree. 
The  longitude  modification  is  a  change  of  reference  site  from 
Greenwich,    England  to  somewhere   in  Iceland.     Figures  4  and  5  are 
computer  graphic  representations  of  these  DIME  format  maps  of  the 
1964-1969  and   1970-1979  user  demand  areas-     The  exposure  results 
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presented  graphically  later  in  this  report  are  superimposed  on 
•these  base  maps  of  the  user  demand  areas. 

An  example  of  description  of  the  straight  line  segments  of 
the  boundaries  between  user  demand  areas  is  given  by  the 
following  explanation  of  the  first  line  in  Table  3.     The  first 
demand  area  is  identified  by  the  state,  county,  city,  and  demand 
area  values  as  "  25  17270       101."     Next  along  the  line,  the 
second  user  demand  area  is  identified  by  its  state,  county,  city, 
and  user  demand  area  values  as  "025  17270       103."     The  two  . 
endpoints  of  the  line  segment  are  identified  by  the  coordinates 
described  above,  given  in  the  next  position  along  the  line  by  the 
two  pairs  of  values,   "424535  533884"  and  "424612  533882."  The 
rest  of  the  line  gives  two  identifiers  which  were  chosen  by  the 
author  to  be  zero  and  a  line  counter.     The  first  six  lines  of 
Table  3,   taken  together,  describe  the  entire  boundary  of  the 
first  user  demand  area.     That  area  is  shown  as  #1   in  Figure  3  and 
as  area  #101   in  Figures  4  and  5. 

In  addition  to  water  pipes  and  consumers  there  are  also 
reservoirs  and  pumps  in  the  Woburn  water  distribution  system. 
While  the  pipes  are  full  of  water  except  for  the  rare-    .  . 
occasions  when  there  is  a  local  pipe  failure,   the  storage 
reservoirs  have  regular  emptying  and  filling  cycles.  This 
cyclic  variation  of  the  reservoirs'  water  elevations  is  due  to 
the  nature  of  the  user  demand.     The  people  of  Woburn  use  less 
water  at  night  since  most  of  them  are  asleep  and  they  use  more 
water  in  the  morning  when  they  bathe  and  wash  clothes.  Industrial 
demand  is  also  heaviest  during  the  day.     An  examination  of  the 
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water  level  records  for  the  reservoirs  show  that  the  maximum  and 
minimum  water  demands  are  roughly  20  percent  above  and  below  the 
daily  average  demand,  and  that  the  maximum,  average,  and  minimum 
demand  periods  are  roughly  of  equal  duration.     These  cyclic 
variations  were  well  documented  by  the  water  level  records(3)  of 
the  reservoirs  and  are  included  in  the  computer  models  by 
applying  the  distribution  model  to  the  maximum,  average,  and 
minimum  demand  conditions  and  then  averaging  the  resulting 
exposures. 

During  the  1964-1979  period  there  were  eight  well  pumps  and 
two  significant  booster  pumps  in  the  Woburn  water  system.  As 
Figure  1  shows.  Wells  A2 ,   B,   C2,   and  D  are  clustered  near  the 
Horn  Pond  Reservoir.     Well  F  is  located  along  the  pipe  that 
passes  west  of  Horn  Pond.     Well  E  is  on  Lexington  Street  just 
east  of  Cambridge  Road.     Wells  G  and  H  are  off  Salem  Street  near 
Washington  Street,   in  east  Woburn.     The  Horn  Pond  wells  were 
controlled  by  throttle  valves  so  that  the  pucp  operators 
could  get  the  desired  flow  rates,   while  thei>e  wells'  operating 
pressure  was  set  by  the  nearby  Horn  Pond  reservoir.  Therefore 
the  Horn  Pond- pumps  were  characterized  simply  by  their  flowrate. 
The  other  pumps  were  defined  by  their  characteristic  curves  which 
were  given  in  the  previous  report(3).     All  of  these  pumps  were 
metered,   thereby  providing  the  data  needed  to  document  their 
pumping  histories. 

The  pumping  history  of  the  1964-1979  period  vas  developed  by 
examining  the  daily  pumping  records  for  all  days  when  either 
wells  G  or  H  were  pumping.     The  number  of  days  each  month  that 
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wells  E,   G  /   and  H  worked  in  their  various  combinations  were 
calculated • based  on  the  hours  pumped  during  each  day  of  that 
month.     Well  E  was  included  since  the  status  of  well  E  caused 
significant  differences  in  the  flow  pattern  in  the  water  system. 
The  individual  pumping  histories  of  the  other  wells  did  not 
affect  the  resulting  distribution  patterns  due  to  their  proximity 
to  the  Horn  Pond  reservoir.     Pumping  rates  for  each  month  were 
calculated  from  the  volume  of  water  and  hours  pumped.  The 
monthly  average  flow  rate  of  the  Horn  Pond  well  group,  A2,.B/  C2 , 
D/  and  well  F  was  also  calculated  for  each  month.     Finally,  the 
total  monthly  water  supply  and  the  percentage  of  that  supply  that 
came  from  wells  G  and  H  were  determined  from  the  daily  pumping 
records.     This  pumping  history  data  is  given  in  Table  5. 

lib.   Computer  Models  of  the  Water  Distribution 

The  analysis  of  a  water  distribution  system  is  done  by 
applying  the  basic  principles  of  the  conservation  of  the  mass  and 
energy  to  the  water  flowing  through  the  system.     The  mass 
conservation  principle  is  applied  by  assuming  that  the  pipes  do 
not  leak  along  their  lengths  and  that  the  water  users  take  their 
water  out  of  the  system  only  at  the  pipe  junctions.     Water  enters 
the  system  at  the  nodes  corresponding  to  the  wells  and 
reservoirs.     Thus  the  net  flow  rate  into  each  user  demand  node 
must  equal  the  user  demand,       ,   of  that  pipe  junction.     In  most 
analyses  the  user  demands  are  known  and  the  flow  rates,        ,  in 
the  pipes  connected  to  each  demand  node  are  the  unknowns  to  be 
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determined  by  the  analysis.     Mass  conservation  for  each  demand 

area  is  given  by  an  equation  of  the  form, 

*  Q2       Q3  =  .  (1) 

The- energy  conservation  principal  is  expressed  in  terms  of 

height,"  usually  referred  to  as  "head."     Potential  energy  is 

described  by  the  elevation,  Z,  of  the  centerline  of  the  pipe 

above  mean  sea  level.     The  kinetic  energy  per  unit  weight  is 

given  by  the  square  of  the  flow  velocity  divided  by  twice  the 

2 

acceleration  of  gravity,  V  /2g.     The  pressure  energy  per  unit  - 
weight  is  given  by  P/gamma,  where  P  is  the  pressure  and  gamma  is 
the  specific  weight  of  the  water.     All  these  three  kinds  of 
energy  are  combined  to  form  H,   the  "total  head"  or  mechanical 
energy  per  unit  weight  by  the  equation, 

H  =  Z  +  V^./2g  +  P/gamma     .  (2) 
The  energy  principal  is  applied  to  all  the  pipes  of  the 
network  by  requiring  that  the  energy  lost  to  friction,  h,.  ,  is 

Li 

the  same  as  the  energy  differences  between  the  junctions  at  the 
upstream  and  downstream  ends  of  each  pipe,   as  shown  by  equations 
of  the  form, 

h^  =         -  H2      .  (3)- 
This  energy  lost  to  friction  can  be  calculated  with  one  of  the 
various  empirical  formulas  that  relate  the  loss  to  the  flow  rate 
through  the  pipe,   the  length  and  diameter  of  the  pipe,   and  the 
roughness  of  the  inner  wall  of  the  pipe-     The  formula  used  here 
is  the  Ha zen-Wi 1 1 i ams  equation, 

h^  =   4.73   L  0"   /(    c""'  D°)    ,  (4) 
where  L  is  the  length  of  the  pipe,   D  is  the  diameter  of  the  pipe, 
n    in    1.852,    and  m   is  4.87. 
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A  corresponding  energy  analysis  describes  how  the  well  pumps 
and  reservoirs  supply  the  total  head  that  drives  the  water  into 
the  pipe  network. 

The  result  is  a  large  number  of  linear  and  non-linear 
equations  which  must  be  organized  and  solved  to  determine  the 
flow  rates  through  each  pipe  and  the  total  head  at  each  pipe 
junction.     Table  6  summarizes  the  variables  needed  for  this 
analysis  and  gives  typical  values  and  error  levels  for  the  data 
used  in  this  study.     The  two  mathematical  methods  commonly  used 
to  do  this  are  the  successive  linear  approximation  method  and  the 
Newton-Raphson  method.     More  detail  on  the  theory  of  water 
distribution  system  analysis  can  be  found  in  elementary  fluid 
mechanics  textbooks  and  in  Analysis  of  Flow  in  Pipe  Networks  by 
Roland  W.  Jeppson  (4). 

The  computer  program  used  for  the  analysis  of  the  Woburn 
water  distribution  system  is  called  NETWK.  .  It  was  developed  by 
Professor  Roland  W.  Jeppson  of  Utah  State  University  in 
association  with  the  consulting  engineering  firm,   CH2M-Hill  of 
Corvallis/  Oregon.     The  program  is  used  by  the  author  under  a 
license  from  that  firm. 

The  computer  modeling  of  the  water  system  began  with  a  1983-4 
calibration  process/     comparing  the  1984  model  with  total  head 
values  based  on  a  set  of  1983  ISO  data  and  other  data  for  the 
water  system  on  the  days  of  those  ISO  field  tests(3).     The  ISO 
tests  were  done  during  two  types  of  water  demand,   the  normal 
demand  on  the  test  dates  and  the  demands'  produced  when  individual 
fire  hydrants  are  opened  and  their  outflows  are  added  to  the 
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normal  demand.     The  total  head  values  based  on  the  ISO  data  for 
normal  demand  are  shown  in  Figure  6.     They  indicate  that  the 
total  head  in  Woburn  was  roughly  250  feet  with  higher  values  near 
the  water  sources  and  lower  values  near  the  water  users.  | 
Southwest  Woburn  has  even  higher  values  due  to  the  Cambridge  Road| 
booster  pump. 

The  initial  .nodel  had  a  total  user  demand  of  3,411  gallons  pej, 
minute  and  the  same  roughness  coefficient,  C  =  80,   for  every  pip 
This  initial  model  was  used  to- calculate  the  flow  pattern  and  th 
total  head  distribution,  shown  in  Figure  7,  of  the  water  system. 
First,  a  comparison  between  the  supply  and  demand  flows  of  this 
computer  model  and  the  1983  test's  flow  data  was  made.  The 


1 
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model's  .1984  user  demand  estimate  totalled  only  3,411  gpm  while 
the  1983  supply  from  the  city^s  wells  and  the  MDC,  combined  withWI 
reservoir  outflow,  gave  a  total  supply  of  5,450  gpm.     The  1984 
user  demands  were  checked  and  corrected,  but  the  demand  total  wa 
still  considerably  less  than  the  supply.     This  small  demand 
indicated  that  an  "adjustment"  should  be  made  through  the  use  of 
a  scaling  factor,   1.4,   for  the  total  water  demand. 

A  second  adjustment- was- made  by  comparing  the  reservoir  flo 
The  model's  results  indicated  an  excessive  transfer  from  the  Horn 
Pond  reservoir  to  the  Rag  Rock  tank.     The  values  of  the  pipe 
roughness,   C,  were  changed  to  correspond  to  roughness  values 
based  on  the  age  of  the  pipes,  with  older  pipes  having  C  as  low 
as  40  and  newer  pipes  as  high  as  120.     The  increased  roughness  | 
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along  Main  Street  eliminated  the  transfer  but  dropped  the  total 
head  in  northwest  Woburn  well  below  the  ISO  values.  Therefore, 
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the  C  value  on  north  Main  Street  was  raised  to  80/  and  a  computer 
model  of  the  reservoir  flows  and  total  head  distribution  was 
obtained  that  was  comparable  with  the  calibration  data. 

Finally,  since  the  calibration  data  included  measurements 
with  individual  hydrants  open,  the  model  was  compared  with  key 
hydrant-open  data.     Based  on  these  comparisons/  the  C  values  of 
pipes  between  these  hydrants  and  their  water  sources  were  changed 
to  reduce  the  difference  between  data  and  model.     The  total  head 
values  of  the  final  computer  model  are  shown  in  Figure  8. 

A  measure  of  the  error  level  of  this  ISO  calibration  process 
is  obtained  by  comparing  the  total  head  distribution  of  the  ISO 
measurements  with  that  of  the  computer  model  after  all  the 
"adjustments"  to  user  demand  and  pipe  roughness  were  made.  The 
average  head  difference  of  28  data  points  and  model  values 
for  total  head  was  0.9  feet,  while  the  root-mean-square  head 
difference  was  6.2  feet. 

The  computer  model  of  the  1983-1984  water  system  was  field 
tested  in  1985  to  determine  its  validity  and  accuracy(3).  Two 
different  model  predictions  were  checked,   1)  the  pressure 
distribution  near  Salem  and  Washington  Streets  when  a  hydrant 
near  that  intersection  was  flowing  and/   2)  the  pressure  and 
fluoride  distributions  throughout  Woburn  when  no  fire  hydrants 
were  flowing.     An  assumption  of  the  computer  predictions  was  that 
the  operation  of  the  water  system  on  the  day  of  the  field  test 
would  be  typical  of  normal  operation,  but  such  was  not  the  case. 
Therefore  a  re-prediction  was  made  to  correspond  to  that  day's 
unusual  operating  conditions.     Good  agreement  was  found  between 
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the  16  field  measurements  and  the  computer  model  re-prediction. 
The  error  levels  of  the  total  heads  have  a  mean  value  of  0.1  foot 
and  a  root-mean-square  value  of  7.5  feet.     More  details  of  the 
pressure  validation  analysis  is  available  in  the  previous 
reportO).     The  fluoride  distribution  prediction  and  measurements 
are  more  descriptive  of  the  distribution  of  vater  from  Wells  G 
and  H.     This  fluoride  validation  is  discussed  further  in  the  next 
section  of  this  report. 

The  1983-1985  vater  distribution  model  vas  next  modified  to 
produce  models  of  the  vater  system  during  the  tvo  periods/ 
1964-1969  and  1970-1979,  vhen  the  contaminated  wells  were  in 
service.     User  demand  areas  and  pipes  were  deleted  or  changed  to 
reflect  the  history  of  the  development  of  the  city.  These 
changes  had  a  large  effect  on  the  northeast  section  of  Woburn  but 
not  on  the  overall  vater  supply  system.     The  1970-1979  model  vas 
compared  to  ISO  hydrant  data  from  the  years  1970,    1972,    1974,  and 
1975  to  check  the  validity  of  the  modified  modelO).  Similarly, 
the  1964-1969  model  was  compared  to  ISO  data  from  1965  and  1969. 
The  mean  pressure  differences  shown  by  these  comparisons  vere 
small,    3.6  feet  for  1970-1979  and  -3.1   feet  for  1964-1969,   as  vas 
the  root-mean-square  value  of  9.5  feet  for  1970-1979,     but  the 
root-mean-square  value  of  16.3  feet  for  1964-1969  vas  high.  Since 
the  operating  conditions  during  these  tests  vere  unknovn , 
corrective  action  lacked  direction  and  so  no  changes  vere  made. 

The  report(3),    "Water  Distribution  in  Woburn,  Massachusetts," 
presented  the  application  of  the  computer  models  revieved  in 
this  section  to  produce  thirty-six  exemplary  flov  patterns. 


Eighteen  patterns  shoved  water  distributions  with  well  E  on  and 
eighteen  with  E  off.     Each  group  was  made  up  of  flows  for  maximum, 
average/  and  minimum  percentages  of  flow  from  wells  G  and  H,  for 
maximum,  average,  and  minimum  Values  of  daily  user  demand,  and 
for  both  the  1964-1969  and  1970-1979  periods.     That  report  did 
not  include  the  calculation  of  the  mixing  which  occurred  at  some 
pipe  junctions  but  simply  divided  Woburn  into  three  zones  for 
each  flow  pattern:   Zone  A  with  no  G  or  H  water.   Zone  B  with  G  and 
H  water,   and  Zone  C  with  some  undetermined  mixture  of  G  and  H 
water  and  water  from  the  other  wells.     In  Sections  III  and  IV  of 
this  report  the  determination  of  the  Zone  C  mixing  is  considered. 
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III.  Wells  G  and  H  Exposure  Model  and  its  Validity. 

The  computer  program  for  the  mixing  of  the  water  from  wells  G 
and  H  was  first  developed  and  used  by  the  author  as  a  part  of  the 
effort  for  a  report(5)/   "The  Great  Oaks  Water  Distribution  Study," 
prepared  for  the  California  Department  of  Health  Services.  This 
study  of  the  Great  Oaks  Water  Company's  pipe  network,  wells  and 
user  demand  areas  f'^llowed  the  method  of  the  previous  Woburn 
study (3)  by  applying  the  NETWK  computer  program  to  analyze  the 
flow  patterns  in  that  water  district.     The  output  of  the  NETWK 
water  distribution  program  determined  the  flow  rate  in  each  pipe 
of  the  water  system.     Then  the  author's  computer  program  for  the 
mixing  process  was  applied  to  these  flow  patterns. 

The  analysis-  of  the  contaminant  movement  and  mixing  in  the 
water  distribution  is  done  by  applying  the  principle  of  mass 
conservation  to  the  mass  of  pollutant  in  the  water  system.  The 
mixing  process  was  applied  to  these  flow  patterns  by  assuming  that 
the  pipes'   flow  rates  were  not  changed  by  the  addition  of  small 
amounts  of  dissolved  contaminants  to  the  water.     The  pollutants 
were  assumed  to  move  through  the  pipes  with  the  water  without 
changing  their  concentrations,   and  at  each  pipe  junction  the 
inflows  were  assumed  to  mix  completely  due  to  the  turbulent  nature 
of  the  pipe  flow.     The  mass  conservation  equation  for  this  mixing 
at  junctions  has  the  form, 

Pj   Oj     *  O2     =     P3   (O3  -  0^)    ,  (5) 

where  P  denotes  the  pollutant  concentration,   pipes   1  and  2  are 
inflow  pipes  to  the  junction,   and  pipe  3   is  an  outflow  pipe  from 
the  junction.     The  consumers  of  water  in  each  user  demand  area 
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were  assumed  to  get  the  mixed  water  of  that  node  and  all  the 
outflow  pipes  from  those  pipe  junctions  were  assumed  to  carry  the 
mixed  water  to  the  farther  points  of  the  pipe  network. 

The  spread  of  water  from  a  particular  well  is  determined  by 
setting  P  =  1.0  for  that  water  source  and  P  =  0.0  for  the  other 
sources.     Then  the  computer  program  sequentially  examines  the 
inflows  to  the  nodes  downstream  from  the  sources  and  applies 
equation  5  to  calculate  the  outflow  concentration  from  those 
nodes /  going  from  node  to  node  until  all  the  user  demand  areas 
are  analyzed. 

In  the  present  Woburn  study  the  pollutant  mass  conservation 
principle  and  these  same  assumptions  are  applied  through  the  same 
computer  program  for  the  mixing  process.     Before  looking  at  more 
details  of  the  exposure  calculations  that  apply  the  NETWK  and 
mixing  programs  to  the  1964-1979  distributions  of  water  from 
Wells  G  and  H,  the  affects  of  the  quality  of  some  of  the  data  and 
the  field  tests  of  the  two  previous  studies  are  now  examined  to 
provide  some  insight  into  the  validity  and  accuracy  of  these 
exposure  index  calculations. 

Ilia.  Analysis  of  Data  Quality 

The  pipe  network  data  in  Table  1  describes  well  all  the 
hydraulic  aspects  of  the  Woburn  water  pipes  except  their  interior 
wall  roughness.     This  roughness,   usually  quantified  for  each  pipe 
by  a  roughness  coefficient,   "C",   describes  the  frictional 
resistance  to  flow  through  that  pipe  in  accordance  with 
equation  4.     Since  directly  measured  values  of  C  for  the  pipes 
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were  not  available,  the  computer  model's  C  values  were  calibrated 
indirectly  from  the  ISO  water  pressure  data.     A  sensitivity 
analysis  for  these  roughness  coefficients  was  suggested  by  this 
report's  Pear  Review  Committee  (see  Appendix  A)  and  so  the 
following  analysis  was  done  to  show  the  affects  of  changing  the 
computer  model's  C  values. 

The  month  of  October,   1974  was  chosen  as  the  test  month 
since  it  is  representative  of  the  months  with  the  larger  areas 
of  exposure  to  Wells  G  and  H.     The  pipe  roughness  coefficients 
were  changed  in  two  ways,  randomly  and  systematically,  and  the 
resulting  changes  in  the  exposure  indices  for  the  user  demand 
areas  were  calculated.     These  changes  were  then  examined  to 
determine  the  affects  of  the  C  changes  on  the  exposure  indices. 

The  two  sets  of  random  changes  in  the  roughness  values  were 
made  by  adding  or  subtracting  a  random  integer  between  -18  and 
+18  from  the  roughness  values  determined  by  the  calibration 
process.     The  probability  of  any  of  these  integers  was  constant 
except  that  zero  was  twice  as  likely  as  any  other  value  since  the 
random  number  generator  used  both  plus  and  minus  zero.     The  mean 
change  in  both  random  sets  was  roughly  +2  %  of  the  mean  C  value, 
and  the  standard  deviation  of  the  changes  was  roughly  12  %. 
These  random  values  are  given  in  Table  7. 

The  two  systematic  changes  in  the  roughness  values  were  made 
by  multiplying  the  calibrated  C  values  by  either   1.25  or  0.75. 
These  changes  either  decrease  or  increase  the  frictional 
resistance  of  the  entire  pipe  network  and  make  it  easier  or 
harder  for  the  well  pumps  to  get  the  water  from  the  wells  to  the 
.water  users  . 
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The  computer  model  for  October,   1974  vas  run  for  each  of 
these  four  sets  of  pipe  roughness  changes.     The  changes  in  the 
exposure  indices  resulting  from  these  four  computer  calculations 
are  given  in  Table  7.     The  average  change  in  the  exposure  index 
vas  less  than  one  percent  of  the  maximum  exposure  index.  Further, 
three  of  the  four  standard  deviations  of  the  changes  in  the 
exposure  index  were  roughly  one  percent  of  the  maximum  exposure 
index  and  the  fourth  value  (3  %)  would  also  have  been  roughly  one 
percent  except  for  the  affect  of  the  exposure  index  change  in  one 
demand  area.   Node  Number  34.     That  change  is  underlined  in 
Table  7.     This  one  area's  index  was  more  sensitive  to  variation 
in  the  pipe  roughness. 

In  general  the  pipe  roughness  changes  did  not  affect  the  size 
or  locations  of  the  areas  which  received  water  only  from  the  Horn 
Pond  wells   (index  =0.0)   or  only  from  Wells  G  and  H  (index  =  1.0). 
Even  in  the  boundary  zone  where  mixing  of  the  waters  from  the  two 
sources  occurred,   the  pipe  roughness  changes  of  ten  to  twenty  five 
percent  caused  exposure  index  changes  of  only  one  to  three 
percent.     The  one  sensitive  demand  area.   Node  34  with  3  %,  was 
located  in  a  part  of  southeast  Woburn  where  the  spatial  gradient 
of  the  exposure  index  was  very  high.     This  sharp  gradient  can  by 
seen  in  Figure  20.     Overall,   this  analysis  has  shown  the  exposure 
index  to  be  insensitive  by  an  order  of  magnitude  to  changes  in 
the  pipe  roughness  . 
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The  spatial  and  temporal  distribution  of  the  water 
consumption  among  the  nearly  fifty  user  demand  areas  is  a 
second  set  of  data  whose  reliability  was  questioned  by  the 
Peer  Review  Committee  (see  Appendix  A).     In  preparing  the 
computer  model/  the  1984  water  bills  were  the  data  source 
for  the  metered/   industrial  consumption  (21  %)  and  also  the 
source  of  data  on  the  locations  of  the  unmetered,  residential 
water  users.     An  approximate  monthly  average  water  use  of 
370  gallons  per  day  was  assigned  to  all  residences  in  each 
user  demand  area.     Since  the  exposure  index  was  calculated 
as  a  monthly  average /  the  monthly  average  water  supply  of 
the  wells  was  used  to  approximate  the  average  demand  of  the 
daily  cycle.     Leakage  was  assumed  to  be  uniformly  distributed 
throughout  the  city.     The  daily  cycle  of  more  water  use 
during  the  day  and  less  use  late  at  night  was  approximated 
by  three  steady  values:  high  demand,  average  demand,   and  low 
demand.     The  validity  of  the  last  two  approximations  is  now 
examined  by  looking  at  the  one  water  leakacr  itu^y  available 
and  at  three  weeks  of  indirect  data  for  the  d^ily  cycle  of 
water  demand. 

The  water  leakage  survey  was  done  in  1980  by  Pipe  Line 
Testing  Service,   Inc.     The  survey  team  placed  the 
transducers  of  their  electronically-amplified,  sonic,  leak 
detectors  on  fire  hydrants  and  water  main  valves  throughout 
the  water  distribution  system.     The  sound  of  the  escaping, 
high-pressure  water  resulted  in  the  prediction  that  there 
were  82  underground  leaks.     The  location  of  these  leaks  is 
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approximate,  and  so  only  38  of  the  82  leaks  were  promptly 
repaired.     The  flow  rates  of  the  leaks  were  estimated  based 
on  the  surveyors'  experience.     Accordingly/  there  vas  "  a 
minimum  of  20  gpm  saved  for  main  leaks /   10  gpm  for  service 
leaks /   3  gpm  for  hydrant  leaks,   and  30  and  5  gpm  for  the  two 
miscellaneous  leaks. 

8  main  leaks  at  20  gpm  160  gpm 

65  service  leaks  at  10  gpm  650  gpm 

7  Hydrant  leaks  at  3  gpm  21  gpm 

1  miscellaneous  leak  at  5  gpm  5  gpm 

1  miscellaneous  leak  at  30  gpm  30  gpm 

1238  gpm 


This  represents  a  savings  of  approximately  1,700,000  gallons 
per  day,..."     Unfortunately  the  inaccurate  addition  and  the 
low  repair  rate,   finding  only  38  actual  leaks,  do  not 
inspire  confidence  in  the  leakage  estimates  of  this  report. 
Nonetheless,   this  was  the  limited  information  available  and 
so  Table  8  and  Figure  9  show  the  estimated  flow  rates  and 
locations  of  these  leaks.     The  report  supports  only  the 
general  conclusions  that  there  was  substantial  leakage  and 
that  it  was  widely . distributed  throughout  Woburn. 

The  daily  cycle  of  water  demand  was  examined  indirectly 
by  analyzing  the  flow  rates  produced  by  the  supply  wells  and 
the  rate  of  change  of  the  volume  of  water  in  the  Woburn 
storage  tanks.     Whenever  the  water  elevation  in  the  tanks  is 
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constant,   the  vater  demand  is  then  equal  to  the  supply  from 
the  veils.'    During  the  daytime  peak  flow,   the  rate  at  which 
vater  flovs  out  of  the  storage  tanks  is  added  to  the  well 
supply  to  fulfill  the  demand.     Late  at  night,  the  rate  at 
which  water  flows  into  the  tanks  is  subtracted  from  the  well 
supply  to  calculate  the  minimum  demand.     The  daily  cycle  of 
the  peaking  factor  is  obtained  by  dividing  the  instantaneous 
vater  demand  by  the  daily  average  demand. 

In  order  to  simplify  this  peaking  factor  analysis,  two 
weeks  were  chosen  when  the  supply  wells  were  running 
constantly  nearly  all  week.     One  summer  week  with  a  high 
average  demand  and  one  winter  veek  vith  a  lov  demand  were 
selected,   June  2"l-27,    1970  and  December  15-21,    1974.  The 
week  used  in  the  computer  model  calibration,   October  30  - 
November  5,    1983,   was  also  studied. 

While  there  were  four  water  storage  elements   in  the 
Woburn  water  system,   the  Zion  Hill  and  Whispering  Hill 
storage  tanks  and  the  Horn  Pond  reservoir  vrrr  rair.tainod  at 
nearly  constant  water  levels  by  the  vater  level   sensors  and 
pump  controls.     The  author's  previous  report(3)   shows  two 
typical  water  level  charts  demonstrating  this  constancy. 
Thus,   the  daily  demand  cycle  is  seen  principally   in  the  water 
level  variation  of  the  Pag  Rock  water  storage  tank.  The 
water  elevation  chart  for  June  21-27,    1970  is  presented  in 
Figure   10,   and  the  charts  for  the  other  two  veeks  of  this 
peaking  factor  analysis  are  in  the  previous  report  and  its 
append  ices ( 3 ) . 
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The  three  weeks  of  peaking  factor  analysis  vas  done  by 
looking  at  water  elevation  changes  during  both  four-hour  and 
eight-hour  intervals.     The  intervals  were  chosen  to  represent  the 
periods  with  high,  average,  and  low  water  demands.     The  low 
demand  period  of  the  early  morning  was  followed  by  a  near  average 
period  near  dawn  and  then  the  daytime  high  demand  period, 
followed  by  another  near  average  period  in  the  evening  and  then 
a  return  to  the  nighttime  low.     Table  9  shows  the  results  of 
these  calculations,  the  peaking  factors  for  each  individual 
four-hour  or  eight-hour  interval.     Sometimes,  the  poor  data 
quality  prevented  the  calculation  of  a  peaking  factor,  and  those 
times  are  shown  in  Table  9  with  an  X.     The  average  values  and 
standard  deviations  of  these  three  weeks  of  peaking  factors  were 
also  calculated  and  are  included  in  Table  9. 

The  individual  four-hour  peaking  factor  values  had 
considerable  variation,   from  a  high  of  1.41  on  Monday, 
October  31,1983  to  a  low  of  0.61  on  Monday,   December  16, 
1974.     Most  days  had  high  peaking  factors  between   1.1  and 
1.3  with  low  peaking  factors  between  0.7  and  0.9.  However, 
on  Friday,  November  4,   1983  the  peaking  factor  was  nearly 
constant  all  day.     This  highly  scattered  data  pattern  for 
the  four-hour  intervals  produced  the  high  standard  deviation 
shown  in  Table  9.     The  average  values  for  each  week  are 
graphed  in  Figure  11.     They  show  that  the  peaking  factor  is 
typically  a  little  above  1.2  between  9  AM  and  Noon,   a  little 
below  0.8  between  Midnight  and  5  AM,  and  nearer  to  the 
average  value  of  1.0  the  rest  of  the  time. 


The  eight-hour  interval  analysis  smoothed  out  these 
irregularities  and  produced  results  with  less  variation. 
The  highest  eight-hour  peaking  factor  was  1.29  on  Sunday, 
December  15,   1974  and  the  lowest  was  0.71  on  Monday, 
December  16,   1974.     The  resulting  average  values  support  the 
previous  report's  use  of  a  high  peaking  factor  of  1.2' and  a 
low  of  0 . 8  . 

Illb.  Great  Oaks  Validation  Tests 

In  the  Great  Oaks  study(5)  the  water  distribution  and 
mixing  models  were  checked  by  using  the  models  to  predict  the 
spatial  distribution  of  the  fluoride  concentration  that  would 
result  if  fluoride  with  P  =  2.00  parts  per  million    were  injected 
at  Well  16,   shown  as  GO  16  in  Figure  12,  and  allowed  to  spread 
throughout  the  Great  Oaks  pipe  network.     This  figure  shows  the 
predicted  values  of  the  fluoride  levels  based  on  the  actual 
test's   injection  concentration  of  1.51  PPM,   and  Table  10  shows 
both  the  original  fluoride  prediction  and  the  prediction  modified 
by  scaling  to  the  actual   1.51   PPM  concentration.     A  field  test  of 
the  prediction  was  then  made  by  injecting  fluoride  at  Well  16  and 
measuring  the  fluoride  distribution  that  resulted.     These  fluoride 
concentrations  are  given  in  Figure  13  and  also  in  Table  10. 

While  both  the  model  and  the  field  test  had  inaccuracies 
described   in  the  Great  Oaks  report,   it  was  clear  that  the  computer 
models  located  the  boundary  between  the  Well   16  water  and  the 
water  from  the  other  wells  improperly  by  one  node  at  a  few  key 
locations.     An  error  analysis  of  the  predicted  and  observed 


concentrations  given  at  the  bottom  of  Table  10  shows  a  mean  error 
of  0.03  PPM  and  a  root-mean-square  error  level  of  0.31.     The  large 
rms  value  is  due  to  a  few  points  near  the  Well   15  water's 
boundary  with  large  errors.     The  error  bands  given  in  Table  10 
show  that  64  percent  of  the  predictions  were  within  0.2  of  the 
measured  concentrations. 

IIIc.  Woburn  Validation  Study 

In  the  previous  Woburn  water  distribution  study(3)  a  field 
test  of  the  predicted  pattern  of  fluoride  concentrations  was  only 
compared  qualitatively  with  the  computer  model's  prediction.  At 
that  time  mixing  analysis  was  not  included  in  the  fluoride 
calculations-     During  this  study  the  fluoride  concentration 
prediction  is  re-examined  by  doing  that  mixing  analysis.  The 
1985  fluoride  source  was  the  MDC  connection  on  Montvale  Avenue  in 
east  Woburn.     Its  fluoride  concentration  was  1.07  PPM  while  the 
other  sources  of  water,  Woburn ' s  wells,  had  only  0.07  PPM. 

The  qualitative  comparison  of  the  prediction.   Figure  14,  and 
the  field  test  results.   Figure  15,   shows  that  both  divide  Woburn 
into  three  zones,   an  east  Woburn  zone  with  MDC  water  (1.07  PPM),  a 
southwest  Woburn  zone  with  water  from  the  Woburn  wells   (0.07  PPM), 
and  a  northwest  zone  with  a  mixture  of  water  from  both  sources. 
The  prediction  indicates  that  the  boundary  between  the  first  two 
zones  is  located  one  node  east  of  Main  Street  except  at  Mishawum 
Road  and  Eaton  Street.     The  field  test  indicated  that  the  boundary 
was  along  Main  Street.     A  similar  one  node  difference  in  location 
occurs  between  the  MDC  water  and  the  mixed  water  in  north  Woburn. 
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The  predicted  and  observed(tvo  labs)  values  of  the  fluoride 
concentrations  are  also  compared  in  Table  11.    'This  time  the  mean 
error  was  0.07  PPM  and  the  rms  error  was  0.29  PPM.     The  error 
bands  in  Table  11  show  that  72  percent  of  the  predictions  were 
vithin  0.2  of  the  observed  values.     These  values  and  the  other 
statistical  analyisis  shovn  in  Table  11   indicate  an  accuracy  level 
nearly  equal  to  that  given  by  the  Great  Oaks  validation. 

Taken  together  the  two  field  tests  using  the  fluoride  tracer 
demonstrate  that  the  water  distribution  and  mixing  models  can 
predict' the  location  of  the  boundaries  of  the  area  receiving 
water  from  Wells  G  and  H  within  one  node.     The  models  can  predict 
mixture  concentrations  with  an  average  error  within  ten  percent 
of  the  maximum  concentration  and  a  root-mean-square  error  within 
thirty  percent  of  that  level.     Large  errors(100  %)   in  the  mixture 
concentrations  occur  at  a  few  points  near  the  fluoride  boundary 
due  to  one  node  errors  in  locating  the  pipe  junctions  where  mixing 
occurs,  but  nearly  seventy  percent  of  the  predictions  are  within 
twenty  percent  of  the  measurements. 

Illd.   Well  G  and  H  Exposure  Study 

In  the  present  study  of  the  exposure  to  water  from  Wells  G 
and  H  the  existing  water  distribution  models  for  the  periods 
1964-1969  and   1970-1979  are  applied  to  obtain  typical  water 
distribution  patterns   for  each  month  when  the  veils  were  pumping. 
The  mixing  program  is  applied  to  each  pattern  to  calculate  the 
fraction  of  the  water  supplied  to  each  user  demand  area  which 
came  from  the  contaminated  wells. 


As  vas  shown  in  the  previous  Woburn  report(3)   the  flov 
patterns  are  not  affected  by  different  combinations  of  wells  near 
Horn  Pond,  but  different  flow  patterns  are  produced  when  Well  E 
is  on  and  when  it  is  off.     A  typical  month  has  periods  with 
Well  E  on  or  off  and  also  has  three  peaking  factors(1.2,   1.0,  0.8) 
accounting  for  the  maximum/  average,  and  minimum  water  demands  of 
the  daily  water-'^^c  cycle.     The  monthly  analysis  must  therefore 
account  for  each  of  these  six  conditions  and  requires  six  water 
distribution  calculations  and  six  applications  of  the  mixing 
program.     A  small  computer  program  was  developed  during  this  study 
to  combine  the  six  resulting  mixtures  for  each  month  in  proportion 
to  their  duration. 

The  result  is  an  exposure  index  assigned  to  each  user  demand 
area  during  the  months  of  the  two  exposure  periods,  1964-1969 
and  1970-1979,  when  the  G  and  H  wells  were  in  operation.  That 
exposure  index  is  the  product  of  the  fraction  of  the  time  during 
the  month  when  any  contaminated  water  from  Wells  G  and  H  reached 
the  user  area  and  the  fraction  of  the  water  supplied  to  that  user 
area  which  came  from  the  contaminated  wells.     The  units  of  this 
exposure  index  are  months,  with  a  maximum  value  of  one  month 
occurring  if  Well  G  is  on  all  month  and  if  the  user  demand  area 
was  supplied  with  Well  G's  water  during  the  entire  month.  Since 
this  method  of  calculation  of  Well  G  and  H  exposure  is  the  same 
as  that  applied  to  the  fluoride  mixing  prediction,   the  resulting 
exposure  indices  should  have  the  level  of  accuracy  indicated  by 
the  fluoride  field  tests. 


During  some  months,   for  example  August  and  September  of  1967 
the  six  distributions  needed  for  different  peaking  factors  and  | 
Well  E  status  were  not  enough.     In  these  months  when  Wells  G  and 
were  operated  in  different  combinations,   separate  calculations 
were  done  for  each  combination  and  then  either  twelve  or  eighteen 
different  results  were  combined  to  produce  the  monthly  average 
exposure  indices  of  those  months. 

Table  12  shows  the  monthly  averaging  process  for  May,   1979  as 
an  example  of  the  combination  process  for  the  six  distribution 
case.     The  pumping  conditions  given  in  Table  5  and  at  the  top  of 
Table  12  show  the  fractions  of  this  month  that  Wells  E,  G,  and  H 
were  operating.     Wells  G  and  H  were  operating  during  70  % 
of  the  month.    "Well  E  was  on  all  month.     The  six  columns  on  the 
right  in  Table  12  give  the  fraction  of  the  water  that  came  from 
contaminated  wells  during  the  parts  of  the  month  when  the  average 
maximum,   and  minimum  water  demands  occurred  with  Well  E  off  or  on 
Since  Well  E  was  on  all  month,   the  monthly  exposure  is  the 
average  of  the  three  exposures  for  the  different  peaking  factors 
with  Well  E  on,  multiplied  by  0.70.     The  column  labeled  EXPINDX 
presents  the  resulting  monthly  average  exposure  index  for  each 
user  demand  area  for  the  month.     The  maximum  index,   0.70  months, 
is   found   in  the  areas  of  east  Woburn.     An  example  of  a  smaller 
average  exposure  index,   that  for  node  32,    is  given  by  the 
calculation , 

(0.70)    (0.124   +  0.067   +  0.180)    /  3       =   0.087      .  (6) 
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IV.   Exposure  and  Cumulative  Exposure  Results. 

The  water  distribution  and  mixing  models  were  used  to 
calculate  the  exposure  indices  for  all  the  months  when  Wells  G 
and  H  were  pumping.     The  spatial  patterns  of  the  exposure 
distributions  are  difficult  to  understand  from  a  list  of  the 
exposure  values,   and  so  Figures  16,   17,  and  18  are  presented  to 
show  the  patterns  typical  of  medium,  broad,  and  small  areas  of 
exposure  to  water  from  Wells  G  and  H  during  the  1964-1969  period. 
The  exposure  index  values  for  1964-1969  are  given  in  Table  13. 
The  initial  results  indicated  that  street  lists  of  the  previous 
report(3)   for  user  demand  areas  33  and  34  were  incorrect  and  so 
these  areas  were  changed  to  reflect  the  initial  flow  pattern. 

In  Figure  16  the  geocode  description  of  the  user  demand  areas 
is  the  base  upon  which  the  exposure  index  results  are  presented. 
Different  densities  of  cross-hatching  show  six  ranges  of  values 
of  this  exposure  and  the  areas  without  any  cross-hatching  give  a 
seventh.     The  densities  increase  with  increasing  exposure.  The 
five  main  exposure  ranges  are  roughly  equal  in  size,   0.20  months, 
and  they  give  the  high  exposure  pattern.     In  addition  two  smaller 
ranges  present  an  order  of  magnitude  estimate  of  a  trace  range 
(0.010  to  0.001  months)   and  a  near  zero  range  (no  cross-hatching). 
The  exposures  shown  are  those  of  June,   1966,   a  month  whose  exposure 
pattern  is  typical  of  the  median  of  the  1964-1969  period.  The 
areas  of  east  Woburn  along  Washington  Street  and  just  to  the  west 
of  that  street  received  G  and  H  water  nearly  all  that  month.  The 
areas  of  southwest  Woburn  received  no  G  and  H  water  and  a  band  of 
user  demand  areas  near  Main  Street  received  various  mixtures  of 
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the  G  and  H  water  and  water  from  the  Horn  Pond  wells. 

A  broad  area  of  exposure  is  shown  by  the  exposure  pattern  of 
October,    1967   (Figure  17).     It   is  typical  of  the  largest  spread  oi 
the  water  from  Wells  G  and  H.     During  this  month  the  mixture 
areas  near  Main  Street  received  a  higher  fraction  of  their  water 
from  Wells  G  and  H,   and  trace  amounts  of  G  and  H  water  even 
reached  the  extreme  southwest  corner  of  Woburn.     Only  a  small 
zone  around  Horn  Pond  was  unaffected  by  the  water  from  those  two 
wells . 

A  small  area  of  exposure  is  given  by  the  exposure  pattern  of 
June/   1969.     Thus  Figure  18  is  typical  of  the  minimum  spread  of 
G  and  H  water  during  the  1964-1969  period.     During  that  June  both 
the  high  exposure  zone  and  the  mixture  zone  were  limited  to  the 
demand  areas  east  of  Main  Street.     Water  from  Wells  G  and  H  did 
not  reach  northwest  Woburn  during  this  month. 

The  spatial  patterns  of  the  exposure  distributions  of  the 
1970-1979  period  are  illustrated  by  Figures  19,   20,  and  21. 
These  figures  show  patterns  typical  of  medium,  broad,   and  small 
areas  of  exposure  to  water  from  Wells  G  and  H  during  that  period. 
The  exposure  index  values  for  1970-1979  are  given  in  Table  lA. 
The  water  distribution  model  changed  in  1970  due  to  the 
development  of  new  housing,  commerce,   and  industry,   largely  in 
northeast  Woburn.     This  change  increased  the  water  demand  in  that 
part  of  the  city  and  so  decreased  the  spread  of  the  G  and  H  water 
to  the  rest  of  Woburn.     This  effect  caused  the  main  difference 
between  the  results  of  the  periods   1964-1969  and    1970-1979.  I 
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The  exposure  pattern  of  March,   1979  is  shown  in  Figure  19. 
Its  medium  exposure  area  is  typical  of  the  1970-1979  period. 
The  areas  of  east  Woburn  along  Washington  Street  and  just  to  the 
west  of  that  street  received  G  and  H  water  nearly  all  that  month. 
As  in  Figure  16,  areas  of  southwest  Woburn  received  no  G  and  H 
water  and  a  band  of  demand  areas  near  Main  Street  received 
various  mixt^'res  of  the  G  and  H  water  and  water  from  the  Horn 
Pond  wells.     This  pattern  is  quite  similar  to  that  of  Figure  16. 

Figure  20  presents  the  broad  exposure  pattern  of  the  month  of 
October,   1974.   It  is  typical  of  the  maximum  spread  of  the  water 
from  Wells  G  and  H  during  1970-1979.     While  it  is  similar  to  the 
maximum  pattern  for  1964-1969,   shown  by  Figure  17,    in  Figure  20 
the  trace  amounts  of  G  and  H  water  do  not  reach  into  southwest 
Woburn. 

The  smallest  zone  of  exposure  for  both  the  1964-1969  and 
1970-1979  periods  is  shown  in  Figure  21.     That  figure  gives  the 
exposure  pattern  for  October,    1976.     It  shows  peak  exposures  only 
in  those  areas  along  Washington  Street  that  are  near  Salem  and 
Montvale  Avenues.     During  this  month  the  mixing  zone  reaches  both 
the  northern  and  southern  ends  of -Washington  Street,   and  the  zone 
free  of  exposure  extends  well  to  the  east  of  Main  Street. 

The  cumulative  exposure  for  every  month  when  Wells  G  or  H 
were  pumping  was  also  calculated.     This  was  done  by  adding 
the  exposure  index  for  each  month  to  the  cumulative  exposure  of 
the  previous  month  whenever  Wells  G  or  H  were  in  operation.  The 
resulting  sum  is  the  number  of  months  of  exposure  prior  to  the 
end  of   the  month  whose  cumulative  exposure  is  being  calculated. 
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The  month  of  October,    1964  was  special  since  as  the  first  month  i1 
had  no  antecedent.      In  its  case  the  cumulative  exposure  and  the 
exposure  index  are  equal.     These  results  are  presented  in 
Tables  15. and  16.     The  cumulative  exposure  for  the  many  months 
when  neither  Well  G  nor  Well  H  vas  pumping  is  not  listed  in  these 
tables  since  the  cumulative  exposure  for  any  of  those  months  is 
the  same  as  that  of  the  previous  rronth  in  the  tables. 

Since  the  goal  of  this  study  is  to  examine  the  rate  of 
adverse  reproductive  outcomes  as  a  function  of  exposure  to  water 
from  Wells  G  and  H,   some  examples  of  the  use  of  Tables  13,   14,  15, 
and  16  are  included  here.     Assuming  that  a  nine  month  pregnancy 
began  November  1,    1964  and  ended  July  31,1965  and   that  the  mother 
lived  in  user  demand  area(node)   66,  Table  13  gives  exposures  of 
0.47  and  0.50  months  for  the  first  two  months  of  the  pregnancy 
and  zero  (G  and  H  both  off)  for  the  next  seven  months.     Table  15 
gives  a  cumulative  exposure  for  the  mother  of  1.51  months,  but 
also  indicates   (by  subtraction)   a  cumulative  exposure  during  the 
pregnancy  of  0.97.     If  a  five  month  pregnancy  of  a  mother  living 
in  node  area  35  began  March  1,    1976  and  ended  July  31,    1976  then 
the  exposure  values   (Table  14)  were  0.42,  0,  0,   0.61,  and 
0.97  months,   while  the  cumulative  exposure  is  2.00  months. 
Finally,    if  a  mother  lived   in  user  demand  area  58  all  her  life 
and  had  children  after   1981,   then  her  cumulative  exposure 
(Table  16)   before  her  pregnancies  was  54.08  months. 
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V.  Conclusion. 

The  purpose  of  this  study  of  the  exposure  to  the  water  from 
Wells  G  and  H  in  Woburn,   Massachusetts  is  to  describe  when  and 
where  that  water  was  delivered  to  the  residences  of  Woburn.  This 
result  will  then  be  compared  with  occurrences  of  selected  adverse 
reproductive  outcomes  through  the  Health  Outcomes  Study. 

Tables  13  and  14  report  the  principal  results  of  this  study. 
The  water  pipe  network  of  the  1964-1969  period  of  operation  of 
Wells  G  and  H  was  used  to  divide  the  city  into  52  hydraulically 
distinct  neighborhoods,   and  the  pipes  of  the  1970-1979  period 
were  used  to  give  54  such  neighborhoods.     Since  the  wells  pumped 
during  44  months  of  the  1960's  period.  Table  13  is  a  matrix  of 
numbers  between  zero  and  one  that  indicate  the  fraction  of  the 
water,  supplied  to  each  user  area,  which  came  from  Wells  G  and  H 
during  each  of  the  44  months.     Table  14  presents  this  exposure 
index  for  the  54  user  areas  during  the  70  months  of  the  1970-1979 
period.     These  matrices  demonstrate  that  areas  11,    17,    18,  19, 
20,   21,   22,   30,   and  31  did  not  receive  a  significant  amount(O.Ol) 
during  any  month.     At  the  other  end  of  the  exposure  range,  areas 
39,   42,   and  44  received  all  their  water  from  Wells  G  and  H 
whenever  either  of  those  wells  was  operating. 

The  accuracy  of  these  exposure  results  was  estimated  by 
examining  both  the  fluoride  field  test  results  and  the  ISO  fire 
hydrant  comparisons  of  total  head  data  and  computer  model 
calculations.     The  fluoride  tests  show  that  the  com.'puter  models 
for  present-day  water  systems  can  only  locate  the  fluoride 
boundary  within  a  spatial  error  of  one  node,   and  so  predicting 
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the  mixture  concentrations  in  the  user  areas  along  that  narrow 
boundary  is  a  difficult  task.     Tables  10  and  11   indicate  that  the 
fluoride  predictions  had  an  root-mean-square  error  level  of 
30  percent  due  mainly  to  a  fev  large  errors  near  the  boundary 
between  the  zones  supplied  by  the  two  sources.     This  indicates 
that  the  exposure  index  values  do  not  have  the  two  significant 
digits  reported  in  Tables   13  and  14,   and  that  the  trace  levels 
shown  in  Figures  16-21  are  only  roughly  valid.     Further,  the  ISO 
comparisons  in  Section  lib  demonstrate  that  the  lack  of 
historical  data  increases  the  differences  between  the  computer 
model  results  and  the  actual  field  measurements. 

However,  even  with  this  high  error  level,   the  low  mean  error 
and  the  error  band  analysis  indicate  that  on  average  there  is  a 
connection  between  the  models'   predictions  and  the  field 
observations.     It  is  the  author's  opinion  that  a  good  estimate  of 
the  error  level  of  the  models  is  twenty  to  thirty  percent.  Thus 
the  mixture  region  should  only  be  divided   into  three  sub-regions: 
0.0-0.33,    0.34-0.67,  0.68-1.00. 
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Figure  2    Woburn,  MA 
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FIGURE  6  TOTAL  HEAD  (ft)  | 
BASED  ON  1983  ISO  DATA 
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FIGURE  16.  TYPICAL  MEDIUM  EXPOSURE  AREA  FOR '1964-69 
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FIGURE  17.  TYPICAL  LARGE  EXPOSURE  AREA  FOR  1964-69 
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FIGURE  18.  TYPICAL  SMALL  EXPOSURE  AREA  FOR  1964-69 
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Table  1.    1985  Principal  Water  Pipes  in  Woburn,  Massachusetts 


ScreetCa)  Length    Diaa.    Type*      Dace         Age  in  1985    Pipe      Fron  To 

(ft.)      (In.)  3ullt       (yrs.)  No.       Node  Node 


Russell  and  Liana 

U200 

6 

CI 

1915 

70 

1 

u 

t 

Lexington,  Maura  and 

Samoset 

5200 

10 

CI 

1963 

22 

2 

3 

1 

Lexington  &  Waltham 

3700 

12 

CI 

1959 

26 

3 

u 

3 

Walt.ham  and  Zlon  Hill 

700 

10 

CI 

1959 

26 

u 

3 

2 

Cambridge, Revere,  and 

Whispering  Hill 

H600 

12 

AC 

1962 

23 

5 

4 

5 

Booster  Pump  at  Cambridge 

and  Russell 

uoo 

12 

CI 

1959 

26 

6 

6 

'4 

Cambridge  from  Lexington 

to  Bedford 

1800 

6 

CI 

1921 

6U 

7 

7 

6 

Bedford  from  Cambridge  to 

So.  Bedford 

2800 

10 

CI 

1921 

6U 

8 

8 

7 

Lexington  from  Cambridge 

to  Well  E 

3000 

6 

CI 

1913 

72 

9 

9 

6 

Garden  and  South  Bedford 

i»500 

12 

CI 

1919/38 

66/^7 

10 

9 

8 

Well  E  connector 

800 

12 

CI 

1937 

i»8 

1 1 

10 

9 

Lexington  from  Well  E 

to  Woburn  Pkwy. 

2600 

6 

CI 

1913 

72 

12 

9 

1 1 

Bedford  and  Kilby 

7000 

10 

CI 

1  923 

57 

13 

2'4 

3 

Cambridge  from  Russell  to 

Well  D 

7200 

12 

-CI 

1959 

26 

12 

6 

Well  D  to  Well  F 

5700 

16 

CI 

1959 

26 

15 

12 

13 

Water  to  connector  to 

Well  F 

3700 

16 

CI 

•  909  - 

25 

16 

1  3 

1 1 

Connector  to  Well  ? 

100 

10 

CI 

1959 

26 

17 

1  a- 

13 

Well  D  to  Well  C 

300 

1  u 

CI 

-1900 

85 

18 

12 

1 5 

Well  C  to  Horn  Pond 

Reserve Ir 

500 

16 

CI 

■1900 

85 

19 

15 

16 

Well  C  to  Wells  A2.3,C2 

200 

16 

CI 

■•.900 

85 

20 

15 

17 

Lake  and  Arlington 

6000 

1 6 

CI 

1921 

51 

21 

1  7 

1 3 

Pleasant  from  Woburn  Pkwy. 

to  N.  Warren 

1 300 

1  D 

CI 

1916 

69 

22 

1  1 

i  a 

Lake  and  Main  to  Fowl- 

1  t 

CI 

,  2 

23 

1  7 

«  Q 

Main  from  Fowle  to  Green 

900 

1  0 

CI 

191^ 

71 

2« 

1  9 

20 

Main  from  Green  to  Montvale 

2000 

1  b 

CI 

1  91 

71 

25 

20 

i  I 

Main  from  Montvale  to 

Pleasant 

300 

16 

CI 

1 9  n 

71 

26 

21 

2Z 

Pleasant  from  N.  Warren  to 

Main 

1  300 

16 

CI 

1916 

69 

27 

18 

22 

Main  from  Montvale  to  Salem 

900 

16 

CI 

191^ 

71 

23 

22 

23 

Main  from  Salem  to  Kilby 

1  iJOO 

16 

CI 

1915 

70 

29 

23 

2" 

Main  froffl  Kilby  to  Clinton 

1900 

16 

CI 

19'7 

63 

30 

2« 

25 

Main  from  Clinton  to  Wyman 

700 

16 

CI 

1917 

63 

31 

25 

26 

Ellis 

1700 

16 

CI 

1959 

26 

32 

1 1 

27 

•  CI  =  Cast  Iron 

AC  =  Asbestos  Cement 


N.Warren  from  Pleasant  to 


£1113 

noo 

10 

CI 

1910 

75 

33 

18 

Harriaon  and  Winn  to 

Pleasant 

2:oc 

'1  0 

CI 

1959 

26 

3^ 

22 

N.Warren  and  Winn  to 

Bedford 

1750 

20 

CI 

1959 

26 

35 

27 

Bedford  and  Hillside 

1U00 

2a 

CI 

1959 

26 

36 

23 

uixDy,  rtarCt  ana  Myoian 

CI 

'  7  J  7 

26 

•37 

Fowle  and  Garfield  to 

Green 

1500 

8 

CI 

1915/27 

70/58 

33 

19 

Green  from  Main  to  Garfield 

170C 

10 

CI 

1929 

56 

39 

20 

Montvale  from  Main  to 

Auburn 

1 100 

12 

CI 

1922 

63 

uo 

21 

Auburn  and  Garfield  to 

Green 

3'iOO 

8 

CI 

1927 

58 

U1 

30 

Montvale  from  Auburn  to 

Bow 

1900 

12 

CI 

1922 

63 

H2 

31 

Montvale  from  Bow  to  Wood 

2200 

12 

CI 

1922 

63 

13 

33 

Montvale  from  Wood  to 

Green 

1000 

12 

CI 

1910 

75 

lUl 

3'* 

Green  from  Garfield  to 

Montvale 

U500 

10 

CI 

1929 

56 

"5 

3'* 

Montvale  from  Green  to 

Central 

1500 

12 

CI 

1910 

75 

U6 

35 

Montvale  from  Central  to 

1  0 

(  c 

r* 

c  * 

1  J 

^  1 

Montvale  from  Washington 

to  MDC 

100 

12 

~CI 

1975 

10 

U8 

37 

Central  and  D  Streets 

3300 

6 

CI 

191" 

71 

U9 

35 

Washington  from  Montvale 

to  D 

2500 

6 

CI 

1920 

65 

50 

36 

Washington  from  Montvale 

• 

to  Pine 

1800 

6 

CI 

1932 

53 

51 

36 

Central  from  Montvale  to 

Pine 

1  300 

12 

CI 

1975 

10 

52 

35 

Saleai  from  Main  to  Sow 

3«00 

10 

CI 

1920 

65 

53 

23 

3ow 

2000 

6 

CI 

1921 

6tt 

5'J 

32 

Salem  from  Bow  to  Wood 

1500 

10 

CI 

1920 

65 

55 

uo 

Wood 

2500 

6 

1920 

65 

55 

33 

—  c .  — .   www^  r-ne 

r  " 

C3 

e- 
J  1 

Pine 

5500 

10 

AC 

1930 

55 

58 

39 

Washington  from  Pine  to 

Cedar 

3100 

6 

CI 

1930 

55 

59 

39 

Salem  from  Pine  to  Wells 

C  &  H 

1700 

12 

AC 

1965 

20 

60 

U2 

Sa  1  en  and  Cedar  to 

Wasnington 

lUOO 

12 

AC 

1965 

20 

61 

Wells  G  4  H  Connector 

750 

12 

AC 

1965 

20 

62 

15 

CI Inton 

800 

6 

CI 

1928 

57 

63 

25 

Beach 

3000 

6 

CI 

1928 

57 

6U 

UO 

Eaton 

1  UOO 

16 

CI 

I960 

25 

65 

26 

GO 


Miahawua  from  CI i neon 


Ann 

c 

0 

C  T 
1 

1  Q  C  7 

^  (J 

U  A 

^7 

•  ii3.~cwuin  rrotB  cacon  co 

w  ^  «%  A  a  *     D  T-^ 

?3re3v  r<. 

•  0 

Cx 

1  y  OO 

■0  / 

ll  7 

**7 

Mishawum  from  Forest  Pk.  to 

Olynpla 

2500 

16 

CI 

I960  . 

25 

63 

t«8 

Olynpla  from  Mlahavoim  to 

wi lawood 

1 000 

1  c 

I  0 

CI 

1  Q  XA 

1  y  00 

■5C 

^5 

09 

119 

50 

W  i liwood 

5000 

1  2 

CI 

■  1  Q  TA 

I  970 

1 5 

7  A 

70 

111 
•♦1 

C  A 

50 

Olympla  from  Wlldwood  to 

Washington 

3oOO 

I  ^ 

CI 

1  n  £  A 

1  9dO 

<:5 

71 

50 

5 1 

Washington  from  Cedar  to 

Ui/mp la 

<:000 

1  2 

1  907 

<:  J 

7^ 
1  2 

ll  It 

5  1 

Forest  Pk.  from  Mishawum  to 

Ai r r ed 

<:OUO 

1  0 

AU 

1  Q  7A 

1  y  /  0 

1  c 
'  D 

<  3 

52 

rorest  Pk.  from  Airreo  to 

School 

1  1  UU 

1  0 

AU 

1  Q  Tn 

1  c 
•  3 

711 

c  0 
52 

53 

School  from  rorest  rk.  to 

Ml shawum 

1  000 

0 

CI 

1  93^: 

53 

53 

5 

Mishawum  from  Olympla  to 

School 

1  uuu 

0 

Aft 
00 

7A 

llQ 

c  11 
5" 

Sew  Boston  from  School  to 

New  Industrial 

noo 

16 

AC 

1970 

15 

77 

53 

55 

New  Industrial 

1800 

12 

AC 

■  1971 

lU 

78 

55 

55 

Ryan 

000 

1  o 

1  ^: 

AC 

1 971 

1 M 

7Q 

79 

5'* 

c  ft 

50 

ni3ncLwuiz]  I  rouj  njan  to 

1^  ^  *^  » *^  **  ^  J* 

1  o 

1  Q7A 
1  7  I  0 

1 

An 

e;A 

c  7 

ndoningwon 

1  1  nn 

711 

r  T 

107"? 
1  7  O 

1  c. 

0  1 

C7 

1  fi 

'  7  '  J 

oc 

c  1 
J  > 

J  <J 

Cc^aercc  Way 

'  7  <  3 

A'3 
33 

y  1 

J  7 

uoniDor.wea i t n  Avenue 

i  I  uo 

1  u 

AL 

1  077 

1  7  /  1 

Q 
0 

All 
0** 

57 

AO 

Washington  from  Mishawum 

to  Commonwealth 

3300 

f. 
0 

CI 

1  9  <:C/  30 

05/  '*7 

50 

An 
ou 

New  aoston  rrom  wew 

Industrial  to  Merrimac 

UlOO 

16 

AC 

1970 

15 

86 

55 

61 

Main  from  Wyman  to  Alfred 

U100 

16 

CI 

1917 

68 

87  . 

26  . 

62 

Mil rcQ 

c 

D 

L.  i. 

•  731 

A  A 
OS 

c 

^  <1 

AP 

U^Im         to^  *-fA«to 

- 13  r .  OQ  . -2. in  ^0  ^es- 

1  JOU 

•  o 

c 

1  7  i  J 

05 

AO 

oy 

A  5 
0 

A  ~ 

Elm  from  Wea  t  to  Ma  in 

1  OOU 

1  7  t  J 

OD 

OA 

90 

03 

A  U 
0  •* 

1  n  I  rotn  Liin  co  riicnoxo 

1  Q?7 
17c/ 

7  • 

65 

ovviicKJx   I  ruui  rioi  in  wo 

(  ic III  [ua\« 

700 

6 

CI 

1 

7t 

Au 

66 

7700 

6 

CI 

19'^? 

C  -3 
J  J 

7  J 

C  -3 

J  J 

66 

Merrimac 

«900 

6 

CI 

1921 

61 

9U 

66 

61 

Nichols 

1200 

1  2 

CI 

1927 

58 

95 

65 

67 

Webster 

1500 

12 

CI 

1927 

58 

96 

67 

68 

Pearl  and  West 

3000 

6 

CI 

1916 

69 

97 

63 

68 

Pool  and  Winter- 
Mcuntaln 

Main  froa  Nlchola  to 
Mountain 


2000 

c 

CI 

1925 

2200 

6 

CI 

1923 

2000 

6 

CI 

1913 

'CI  -  Cast  Iron 
AC  -  Aabeatoa  Ceaent 


TABLE  2.      1984  USER  DEMAND  AREAS,   BASED  ON  WATER  METER 

ADDRESSES  AND  THE  STREET  INDEX  FOR  POLLING  PLACES 


Node 

Number  Addresses 


1  Anna  Rd . 

Canterbury  Rd. 
Carroll  Rd. 
Carson  Rd. 
Cerqua  St. 
Dix  Rd. 
Dix  Rd.  Ext. 
Douglas  Green 
Duren  Ave . 
Exeter  Dr. 
Fortune  Rd. 
Gayle  St. 
Gettysburg  St. 
Grant  St. 
HallmarJc  Dr. 
Hampshire  Cr. 
Helen  Dr. 
Howard  Ct . 
Johnson's  Grcint 
Kendall's  Mill 


Kensington  Ave.  10 
Kensington  Dr. 

Liana  St.  19 

Linda  St.  5 

Lee  Rd.  18 

Lexington  St.,  310  to  end  35 
Manomet  Rd.                                                     ~  13 

Melo  Rd.  11 
Michael's  Green 

Parliament  Lane  22 

Penny  Rd.  11 
Quail  Run 

Rich  Rd.  27 

Robinson  Rd.  50 

Roman  Rd.  20 
Russell  Ct. 

Russell  St.,   206  to  end  56 

Ryder  Dr.  2 

Sachem  Rd.  8 

Samoset  Rd.  45 
Sawmill  Brook  Way 
Saw  Mill  Brook  Way 

Senator  Rd.  17 

Seneca  Rd.  18 

Squanto  Rd.  20 

Stonewall  Dr.  11 

Strawberry  Lane  3 

Tanners  Circle  4 

Todd  Rd.  10 
Vinebrook  Way 


Number  of 
Residences 


30 
19 
28 
16 
10 
37 


45 
13 
16 
12 
16 
10 
19 
3 
2 
6 


63 


Node 

Number  Addresses 


Number  of 
Residences 


3  Arcadia  St-  ' 
Aspen  St .  6 
Aspin  St. 

Bernard  Rd.  25 
Clifton  St. 

Glade  St.  7 

Glenwood  Ave.  27 

Grace  Rd.  28 

Henderson  Rd.  18 

Heritage  Dr.  23 
Jainis  Dr. 

Janis  Tr.  8 

Jean  Rd.  5 

Lexington  St.,   242  to  309  29 

Maura  Dr.  21 

Minchin  Dr.  26 
Momingside  Cir. 
Momingside  Dr. 

Morning  Side  Dr.  .8 

Morning  Side  Circle  6 

New  Village  Rd.  1 

Parker  St.  16 

Ridgewood  Lane  7 

Summit  St .  5 
Waltham  St .  -43 

Waverly  Rd.  31 

4  Adams  Circle  5 
Battle  March  Way 

Bay  Rd. 

Bay  St.  6 

Belford  Circle  11 
Briscoe  Rd. 
Briscoe  St. 

Brisco  Rd.  15 
Brisco  St. 

Brook  Rd.  4 

Crescent  Rd.  13 

Dawes  Circle  9 

Freedom  Rd.  10 
Gilda  Circle 
Great  Rd. 
Grozier  Cr. 

Independence  Dr.  59 

Kosciusko  St.  10 

Lexington  St.,    200  to  241  7 
Matthew  Place 
Minuteman  Rd. 
October  Ln . 

Old  Cambridge  Rd.  2 


64 


Node 

Number  Addresses 


Nxuaber  of 
Residences 


Old  Lexington  Rd. 
Old  Lexington  St. 

Otis  St.  12 
Patriot  Cir. 

Patriot  Rd.  5 

Pheasant  Ln.  12 

Prescott  Way  7 

Revere  Rd.  64 
Ridge  Rd. 

Russell  St.,   1  to  205  35 
Silver  Mine  Rd. 

Silvermine  Rd.  10 

Stevin  Dr.  4 

Sylvanus  Wood  Ln.  34 
The  Great  Rd. 
Tory  Row 

Whispering  Hill  Rd.  14 
Windsor  Circle 
Windsor  Drive 

6  Cambridge  Rd.,    60  to  end  37 
Chapel  Way 

Coxintry  Club  Rd.  4  8 

Crossmam  Rd.  6 

Crawford  Dr.  9 

Day  Circle  53 
Flint  Circle 
Gately  Drive 

Glen  Rd.  4 
Hiawatha  Rd.                                            -  39 

Indian  Hill  Rd.  30 

Larch  Rd.  4 

Ledgewood  Rd.  9 

Lexington  St.,   145  to  199  10 
Locust  St.,    101  to  end 
Love*"  Lane 

Loves  Lane  5 

Mayflower  Rd.  35 

Pond  Terrace  9 

Rehabilitation  Rd.  101 

Surrey  Circle  4 

Surrey  Rd.  33 

7  Bedford  Rd.,  162-end  even,  177-end  odd  198 
Cambridge  Rd.,  1  to  59  130 
Churchill  Rd.  14 
Downs  Ct . 

Kennedy  Rd.  12  - 

Marlboro  Rd.  63 

Princeton  Rd.  6 


Node 

Number  AdcLresses 


Number  of 
Residences 


8       Banner  Dr.  3 

Bamberg  Dr.  6 

Bedford  Rd.,    34-160  even^    35-175  odd  46 

Bedford  Tr.  2 
Bonnie  Way 

Bramdt  Dr.  "16 

Bruce  Rd.  11 
Burlington  St.,    71  to  end 

Cassidy  Dr.  10 

Doherty  PI.  3 

ElijaLh  St.  22 
Houghton  St.,    1  to  30 

Jaycin  Circle  5 
Katie  LaLne 

Morrow  Dr.  8 
Oak  Knoll  Circle 
" Oak  Knoll  Drive 

Quimby  Ave .  32 
Quimby  Ave .   Ext . 

Rag  Rock  Dr.  16 

Rock  St.  14 

Sheridan  St.  36 
Sheilds  St. 

Shields  St.  10 

South  Bedford  St.  23 

Thistle  Rd.,    13  to  end      (Burl,   gap)  8 

Thornton  St.  13 
Willow  St.,    4  8  to  end 

9       Akerson  Rd.  9 
Akeson  Rd. 

Acorn  St.  4 

Brookland  Rd.  3 

Brxino  Tr .  10 

Burlington  St.,    1  to  70 

Cannon  Rd.  •  3 

Clifford  Tr.  6 

Columbus  Rd.  24 

Foley  Rd.  3 

Gangi  Tr.  5 

Garden  Heights  Ave.  7 
Garden  Dr. 

Garden  St.  24 

Harrison  Ave.,    80  to  end  21 

Houghton  St.,    31  to  end 

Kennedy  Pk.  13 

Laurence  Rd.  7 

Lexington  St.,  1  to  144  72 
Locust  Cir. 

Locust  St.,  1  to  100  24 
Mawn  Ave . 


66 


Node 

Nxomber  Addresses 


Number  of 
Residences 


Mawn  Dr.  2 

Mount  Ida  St.  8 

Totman  Dr.  8  9 
Totman  Rd. 

Willow  St.,    1  to  47 


11     Adams  Dr.  4 

Arlington  Rd.,  40-82  even,   37-81  odd  34 

Bacon  St .  6 

Beacon  St.  4  9 
Brandon  Ct . 

Ellis  St.,    1  to  37  18 
Evans  Rd. 
Evans  St. 

Geary  Dr.  2 

Harrison  Ave.,  50  to  79  17 

Millet  St.  1 
Millett  St. 

Oak  St.  5 

Pleasaint  St.,  94-end  even,    99-end  odd  45 

Reed  St.  10 
Sturgis  St.,    38-end  even,    35-end  odd  14 

ThoEq3Son  St .  6 

Water  St.  27 

Wobum  Parkway  9 

Wolcott  Rd.  12 

Valley  Rd.  23 

17     Arlington  Rd. ,  83  to  end  19 
Barton  Ln . 

Border  St .  12 
Buc3anan  Ct . 

Buckman  St .  54 
Cove  St. 

Cranes  Ct.  2 
Crauies  Ln. 

Cross  St.  3 
Fays  Lane 

Lake  Ave.  66 
LaJce  Circle 
Lake  Terr . 

Lydon  Ct.  5 
Lynden  Ct . 

Main  St.,    2-94  even,    1-107  odd  9 

Maria  Ct.  5 

Pickering  St.  11 

Stanley  Tr .  6 

Stoddard  St.  19 

Vining  Ct .  10 

Wiley  St.  10 


67 


Node 

Number  Addresses 


Number  of 
Residences 


18  Arlington  Rd.,  2-38  even,  1-35  odd  114 
Bennett  St.  23 
Caulfield  Rd. ,  15  to  end  6 
Church  Ave . ,  15  to  end  8 
Converse  Pi. 

Court  St.  2  9 

Ellis  St. ,    38  to  end  9 

Foster  St.  11 

Grove  St.  11 

Harrison  Ave.,    IZ  to  4  9  12 

Hillcrest  Rd.  2 
Morse  St. 

Miinroe  St.  17 

North  Warren  St.,  1  to  60  3  6 
North  Warren  Street  Ext. 

Pleasant  St.,    44-92  even,  45-97  odd  41 

Wade  Place  48 

Warren  Ave.,   2-38  even,    1-29  odd  27 

19  Ash  St.  12 
Brooks  St.  4 
Buck  Ct . 

Buck  St.  12 

Conn  St.  44 
Conn  Ct . 
Dows  Ln. 

Dow' s  Ln.  8 

Fowie  St.,  2-62  even,  1-21  odd  25 
Hudson  PI. 

Hudson  St.  32 

Innitou  Rd.  13 
Innitou  Rd.  Ext. 

John  St.  15 

Lakeview  Tr.  20 

Lawrence  St.  24 

Main  St.,    96-200  even,    107A-201  odd  10 

Pierce  St.  3 

Porter  St.  51 

Ri-chardson  St.  41 
Richardson  Street  Ext. 

Richmond  Pk.  14 

Sturgis  St.,    2-36  even,    1-33  odd  37 

Veteran  Rd.  11 

Warren  Ave.,    40-end  even,  31-end  odd  4 

Warren  Rd.  4 

20     Edgehill  Rd.  20 

Green  St.,    1  to  17  4 

Highland  St.,    2-14  even,    1-19  odd  18 

Main  St.,  202  to  280  59 
Miller  PI. 


Node 

Number  Addresses 


Number  of 
Residences 


Mt.   Pleasant  St.,    1  to  10  13 

Myrtle  St.  10 

Prospect  St.,    30  to  end  41 

Summer  St.  10 

21  Buel  PI. 

Caulfield  Rd.,    1  to  14  6 

Church  Ave.,  1  to  14  5 
Common  St . ,    1  to  6 

Everett  St.,  31  to  -^d  7 
Gallagher  Ave . 

High  St.,    1  to  4  0  6 

Main  St.,    281  to  375  9 

Mont vale  Ave.,    2-50  even,    1-31  odd  4 

Prospect.  Ave .  8 

Prospect  St.,    1  to  2  9  16 

Walnut  St.,   21  to  end  9 

22  Abbott  St. 

Coimnon  St.,    7  to  end 

Everett  St.,    1  to  30  12 

Federal  St.  11 

Harrison  Ave.,    1  to  14  3 

Main  St.,    376  to  438  1 
Park  St.,    1  to  23 
Pleasant  St.,    1  to  43 

Walnut  St.,    1  to  20  9 

Winn  St.,    1  to  79  38 

23  Campbell  St.,  1  to  39  '  16 
Center  St.  34 
Centre  St . 

Ellis  Ct.  11 

Franklin  St.  37 

Harlow  Ct .  7 
Hovey  Ct. 

Hovey  St.  13 
Hubbard  PI. 

Manns  Ct .  10 
Mann's  Ct . 

Main  St.,    439  to  524  7 

Park  St.,    24  to  end  18 

Salem  St.,    1  to  75  58 

Spring  St.  8 

Union  St.,    1  to  31  21 

Wade  Ave.,    1  to  12  4  8 

Winn  Pk.  37 

24  Bedford  Rd. ,    1  to  33 

Carter  Place  1 

Charles  St.  15 


4q 


Node 

Number  Addresses 


Number  of 
Residences 


Chesnut  St . 

Chestnut  St.  4  9 

Church  Ct.  4 

Church  St.  24 

Colonial  Rd.  23 
Cummings  Ave . 

David  Circle  6 

Davis  St.  37 

Flagg  St.  17 

Frances  St.  29 
Frauicis  St. 
Hillside  Ave. 

James  St.  20 

Johnson  St.  7 

Kilby  Dr.  4 

Kilby  St.  115 

Lantern  Ln.  3 

Linden  Circle  3 

Linden  St.  11 

Linden  Street  Ext. 

Lisa  Dr.  2 

Main  St.,   526-616  even,   525-607  odd  46 

Manning  St.  12 

Middlesex  St.  9 

Mishawum  Rd.,  2-10  even,    1-13  odd  9 

North  Warren  St.,    61  to  end  72 

Plympton  St.  23 

Scott  St.  28 

Thistle  Rd.,  1  to  5  (Burl,  gap)  5 
Village  St. 

Winn  Ct.  2 

Winn  St.,    80  to  end  78 

Wright  St.  25 

25     Blake  St.  2 

Blake  Terr.  6 
Boys  Club  Lane 

Clinton  St.,    1  to  15  10 

Main  St.,    618-670  even,    609-671  odd  28 

Page  Place  10 

Place  Ln.  4 

2  6     Anderson  Way 
Biltmore  St. 

Brae  Circle  26 

Brentwood  Rd.,  1  to  26  23 

Brown  Place  11 

Colony  Rd.  6 

Coolidge  Rd.  4 

Curtis  Rd.  10 

Dickson  Rd .  7 


70 


Node 

Nmnber  Addresses 


Number  of 
Residences 


Eaton  Ave.,  12-30  even,  11-43  odd  20 
Eaton  Lane 

Ellen  Rd.  15 
Elmwood  PI. 

Elmwood  Tr.                  •  2 

Frances  Rd.  29 

Frederick  Cir.  13 
Frederick  Dr. 
Glendale  Ave . 

Hamilton  Rd.  28 

Hart  Place  24 

Hart  St.  41 

Intervale  St.  11 

Jericho  Rd.  5 
Kennere  Ave . 

Kimball  Rd.  13 

'Lowell  St.  58 
Magnolia  Ave. 

Main  St.,    672  to  732  30 

Marion  Ave .  14 
Meadowbrook  Ln. 
Meadow  Lane 

Millyan  Rd.  9 

Murray  Rd.  5 
Murray  Road  Ext . 

Newbury  St.  14 

Park  Dr.  38 

Park  Drive  Ext.  5 

Pilgrim  Rd.  16 

Sendick  Rd.                                            -  13 

Sheila  Ave.  10 
Wilcox  Circle 
Wildmere  Ave. 

Wyman  St.  51 

30     Abbott  Ct.  3 
Abbott  PI. 

Allen  St.  11 

Arlington  St.  27 

Belmont  St.  13 

Blueberry  Hill  Rd.,    1  to  38  43 

Blossom  St.  4 

Bradford  Rd.  16 

Bryant  St.  13 

Carter  St.  20 

Clark  St.  5 

Cliffside  Tr.  2 
Concord  St. 
Crest  Ave . 

Eastern  Ave.,    51  to  end  56 

Fowle  St.,    64-end  even,   23-end  odd  18 


7/ 


Node 

Number  Addresses 


Number  of 
Residences 


Fulton  St.  20 
Garfield  Ave.,    34-end  even,    27-end  odd  60 

Glenwood  St.  13 

Golden  Terrace  2 

Green  St.,    18-104  even,    19-91  odd  49 

Highland  Ave .  5 

Highland  St.,    16-end  even,   21-end  odd  27 

Jefferson  Ct .  6 

Leonard  St .  32 

Madison  St.  13 
Mauining  Ct . 

McCabe  Ct .  3 

Medford  St. 

Mount  Pleasant  Ct . 

Moxint  Pleasant  St.,    11  to  end  60 

Oxford  Place  4 

Playstead  Ave.  7 

Skyview  Ln.  8 

Skyview  FUi.  6 
Sonar  Dr. 

Sonrel  St.  18 

South  St.  13 

Spring  Ct .  127 
Spring  Court  Ext . 
Spring  Court  Terr. 
Stoneham  St . 

31  Auburn  St.  4  9 
Campbell  St.,  40  to  end  132 
Fairmount  St.  2  6 
First  St.  7 
Garfield  Ave.,  2-32  even,  1-25  odd  18 
Greenwood  Ave.  10 
Hanson  Ct .  5 
High  St.,  41  to  end  29 
Jefferson  Ave.  7 
Montvale  Ave.,  52-88  even,  33-87  odd  79 
Second  St.  3 
Union  St.,  32  to  end  21 
Wade  Ave.,    13  to  end  4  8 

32  Boline  Pi.  16 
Bow  St . ,  1  to  32  15 
Cook  Terr. 

Eastern  Ave.,    1  to  50  30 

Ferguson  PI .  5 

Gardner  Ave .  8 

Holden  Pi.  8 

Ingalls  St.  11 

Liberty  Ave.  4  8 

Montvale  Ave.,    89  to  159  54 


72 


Node  Number  of 

Number    Addresses  Residences 

Montvale  Ln .  8 

Oakwood  Ln .  3 

Sherman  Place  35 
Sherman  Place  Ct. 
Sherman  Terr. 

Sullivan  PI.  4 
Sullivan  St. 

Vernon  St.,    1  to  33  31 

33     Argent  St. 

Chamdler  St . 

Deb  Rd.  9 

Harvard  St.  16 
Harvard  St .   Ext . 

Laurel  St.  4 

Montvale  Ave . ,    160  to  210  24 

Nashua  St.,    88  to  end  14 

Packard  St.  2 

Theresa  Rjd.  6 

Wood  St.,    43  to  end  15 


34     Arnold  Rd. 

Blueberry  Hill  Rd.,   3  9  to  end 
Boston  St. 
Connors  Dr. 


Draper  St .  1 
Eagle  Rd.  9 
Fieldstone  Dr.  16 
Fox  Rd. 

Frajik  St.  -  13 

Frank  Street  Ct . 

Green  St.,  106-end  even,  93-end  odd  14 
Hawley  St. 

Hawk  Rd.  ^  4 

Henry  Ave.  13 
Holton  St.  11 
James  Terr.  18 
May  St. 
Micro  Dr. 

Montvale  Ave.,  211  to  263  12 
Nashua  St.,  1  to  87  47 
Paul  Ave.  5 
Pigeon  Rd. 

Tremont  St.  30 
Vernon  St.,  34  to  end  17 
Willard  Rd. 

Williams  Ave.  22 
Williaim  Ave. 
Woburn  St . 

35     Asbury  Ave .  12 
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Node 

Ntjjnber  Addresses 


Number  of 
Residences 


Ashbury  Ave . 
Central  Ct . 

Central  St.,  22  to  76  17 
Eldridge  St. 

Erie  St 1  to  9  5 
Grape  St.,  1  to  16  6 
Orange  St.,  29  to  end  23 
Montvale  Ave.,  264  to  285  6 
Silk  St. 

Utica  St.,    12  to  end  4 
36     A  St. 

Albany  St.  14 
B  St. 

Erie  St.,  10  to  end  7 
Fremont  St .  6 
Grape  St.,  17  to  end  14 
Hawthorne  St.,  1  to  11  4 
Henshaw  St .  1 
Hill  St.  .  1 

Mack  Rd. 
Maple  St. 
Martin  St. 
Merrill  St. 

Montvale  Ave.,  286  to  end  9 
Sherman  St . 

Utica  St.,  1  to  11  6 
Washington  St.,   22  to  124  39 

38  C  St. 
Cedar  St . 

Central  St.,  77  to  end  10 
D  St. 

Middlesex  Ave. 
Ran  Dr . 

Washington  Ave.,  5  1 
Washington  St.,    1  to  21  7 

39  Albert  Dr.  60 
Carmen  Tr.  16 
Carter  Rd.  4 
Central  St.,  1  to  21  15 
Felton  St.  22 
Floyd  St.  11 
Gregg  St.  19 
Hawthorne  St.,  12  to  end  11 
Lakeview  Ave. 

Lawson  St.  12 
Lincoln  Dr. 

Mall  St.  213 

Mill  Terr.  19 


74- 


Node 

Number  Addresses 


Number  of 
Residences 


Munroe  Ave.  14 

Montvale  Rd.,    66  to  end  18 
My  St. 
Nason  Terr. 

Orange  St./    1  to  28  18 

Perry  St.  6 

Pine  St.,    67  to  end  32 

Radcliffe  Way  3 
Radclyffe  Way 

Salem  St.,    378  to  end  10 
Smith  Ln. 
Unicorn  Dr. 

Washington  Circle  20 

Washington  St.,    125  to  272  30 

Washington  Tr.  6 
Wilbur  St. 

40  Alpena  Ave.  7 
Beach  St.,  54  to  end  16 
Bow  St.,  33  to  end  15 
Buttaro  Rd.  29 
Continental  Ct .  72 
Creston  Ave.  72 
Dearborn  Tr.  3 
Field  Tr.  4 
Hilltop  Cr.  7 
Hilltop  Parkway  17 
Hilltop  Tr.  16 
Hyde  Ave.  2 
Kathleen  Dr . 

Laura  Rd. 
Loker  Lane 

Maple  Ave.,    1  to  30  17 
Maple  Ct . ,    1  to  30 
Memorial  Ave . 

Parkview  Rd.  12 
Roger  Ave. 

Rogers  Ave.  5 

Salem  St.,    76  to  173  48 

Sedgewick  Park  9 
Sedgewick  Park  Ext. 

Walnut  Ct.  9 

Westview  Tr.  11 

41  Albert  St.  7 
Hamcock  St.  3 
Hinston  Rd. ,  1  to  15  11 
Joshua  St . 

Lillian  St.,    2-32  even,    1-19  odd  21 

Maple  Ave.,  31  to  end  12 
Maple  Ct.,    31  to  end 

75- 


Node 

Number  Addresses 


Number  of 
Residences 


Salem  St.,    174  to  235  23 

Sunset  Ave .  5 

Wildwood  Ave./.    1  to  275 

Winstead  Ave.  17 

Wood  St.,    1  to  42  ■  13 

42     Bird  St.  11 

Chase  St.  9 

Crescent  Ave.  3 

Dale  St.  11 

Elm  Ave .  19 

Lincoln  Rd.  9 

Montvale  Rd.,    1  to  65  35 

Pine  St.,  1  to  66  19 
Riley  Rd. 

-Salem  St.,   236  to  280  6 
Walnut  Hill  Park 
Walnut  Hill  St. 

44     Aberjona  Dr. 

Carlena  Tr .  11 
Cedar  Dr. 

Cedar  St.  5 
Forbes  Rd. 
Forbes  St. 

George  Ave.  13 

Lynn  St.  5 

Marilyn  Ct .  7 
Pento  Rd. 

Rifle  Range  Rd.  2 

Robert  Ave.  14 

Salem  Ave.  12 

Salem  St.,    281  to  377  24 
Schneider  Ct . 
Spartan  Circle 

Stephanie  Cr.  12 

Washington  St.,    273  to  368  18 

4  6     Anthony  Dr.  6 

Beach  St.,    1  to  53  29 

Beach  Terr.  "  8 

Clevelamd  Ave.  29 

Clinton  St.,    16  to  end  12 

Kendall  St.  3 

Knollwood  Ave.  7 
Maywood  Ln . 

Maywood  Terr.  21 

Middle  St .,    1  to  9  8 

Mishavrum  Rd .  ,    12-52  even,    15-51  odd  34 

4  7     Dodge  Rd.  1 
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Node 

Number  Addresses 


Number  of 
Residences 


Dorothy  Dr. 

Eaton  Ave.,    32-end  even,    45-end  odd 

Fairview  Rd. 

Fairview  Terr. 

Firyberg  Rd. 

Fryburg  Rd. 

MarJcham  Ave . 

Mar)chain  Terr. 

Middle  St . ,    10  to  63 

Mishavmm  Rd.,    54-74  even,    53-77  odd 

4  8     Atwood  Ave . 
Birchwood  Ln. 
Brentwood  Rd. ,    27  to  end 
Carpenter  Ct . 
Cranston  Cr. 
Edith  Ave . 
Elaine  Rd. 
Emeline  St. 
Evangeline  Ln . 
Forest  Park  Rd.,    1  to  35 
Forest  Park  Cr . 
Hinston  Rd.,    16  to  end 

Lilliaji  St.,  34 -end  even,  19A-end  odd 
Majority  Lane 

Mishavrnm  Rd. ,    76-130  even,   79-129  odd 

Middle  St.,    64  to  end 

Overlook  Ave . 

Park  View  Ave. 

Phillips  St. 

Red  Leaf  Ln. 

Samborn  Ave. 

Suscm  Tr. 

4  9         Hall  St. 
Highet  Ave. 

Mishawum  Rd.,    131  to  191 
Olympia  Ave.,    83  to  end 
Pine  Grove  Ave . 
Rum ford  Park  Ave.,    18  to  end 
University  St. 

50  Arrow  Dr. 
Hazel  Ct. 

Olympia  Ave.,    61  to  82 

State  St. 

Wheeling  Ave . 

Wildwood  Ave.,    276  to  end 

51  Dewey  Ave. 
Hobs on  Ave. 


3 
5 
14 
8 

6 


12 

23 

1 
14 
7 

T 

4 

5 
13 

8 
30 

4 
15 
11 

18 
26 
3 

12 
1 

8 

3 
21 
23 

1 

5 
17 

1 


18 
2 
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Node 
Number 


Addresses 


Number  of 
Residences 


Marietta  St.  6 
Normac  Rd. 

Olympia  Ave.,    1  to  60  7 

Oregon  Ave .  2 

Wainwright  Ave .  2 

Washington  St.,    369  to  443  7 

52  Alfred  St.,  24-end  even,  27-end  odd  16 
Barbara  Circle  19 
Boyd  Rd.  24 
Cronin  Way 

Forest  Glen  Circle  7 

Forest  Glen  Rd.  8 

Forest  Park  Rd. ,    36  to  95  14 

Rumford  Park  Ave.,    1  to  17  11 

Thomas  St.  12 

53  Emerson  Rd.  3 
Forest  Park  Rd.,  96  to  end  8 
Hope  Ln .  8 
Karen  Rd.  13 
Lucia  Terr. 

New  Boston  St.,    1  to  133 

School  St.,    80  to  203  38 

Woodside  Terr.  22 

54  Alice  Rd.  5 
Allan  St.  2 
Bronislaw  St.  12 
Jan  Rd. 

Jan  St.  12 

Old  Mishawum  Rd.  3 

School  St.,   204  to  end  15 


Mishawum  Rd.,    192-230  even,    193-275  odd  4 

55  Adele  Rd. 
Gill  St. 
Everberg  Rd. 

Industrial  Pkwy.,   16-end  even,   31-end  odd 
Industrial  Rd. ,   16-end  even, 31-end  odd 
New  Boston  St.,    134  to  181 
Roessler  Rd. 
Sixth  Rd. 

Torrice  Dr.,    1  to  19 

56  Industrial  Pkwy.,   2-14  even, 1-29  odd 
Industrial  Rd. ,    2-14  even,    1-29  odd 
Linscott  Rd. 

Mishawiim  Rd.,    232-278  even,    277-279  odd 
Rath  Rd. 
Ry2Ln  Rd. 
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Node 
Number 


Addresses 


Number  of 
Residences 


57  Commerce  Way,   1  to  36 
Eastern  Boul . 

Elmwood  St.  10 
Forest  Ave. 

Forest  St.  1 

Garden  Tr.  12 

Mishawum  Rd. ,  2  80  to  end  7 
Nelson  St. 

58  Dragon  Ct.,  1  to  19  6 
Dragon  Court  Circle  6 
Richard  Cr.  49 
Washington  St.,    444  to  end  9 

59  Atlamtic  Ave. 
AKA  57  Cabot  Rd. 

Commerce  Way,   37  to  end 
Commonwealth  Ave . 
Constitution  Ave. 
Constitution  Way 
Puritan  Ave  East 
West  Congress  Ave, 

60  Derry  Ln. 

AKA  58  Dragon  Ct.,  20  to  end  8 
Florence  Terr.  2 
North  Dragon  Ct . 

61  Alger  St. 
Avon  St . 
Dundee  Dr . 

East  Dexter  Ave.,    1,   101  to  end 
Eddy  St. 
Fifth  Rd. 

First  Rd.  1 

Fourth  Rd. 

Hinckley  St. 

Knight  Ave . 

Knight  St. 

Linwood  Ave . 

Merrimac  St.,    76A-end  17 
Mishawum  Ave. 
Monks  St . 
Newberg  Ave . 

New  Boston  St.,    182  to  end 

North  Maple  St.    3,  9,  17, 18, 20, 22,  22A  6 
Oaklaind  St. 
Palmer  St . 
Presidential  Dr. 
Presidential  Rd. 


7? 


Node  Number  of 

Number    Addresses  Residences 


Rumford  Ave. 
Second  Rd. 
Suffolk  St. 
Tedesco  Dr. 
Temple  St. 

Third  Rd.  9 
Torrice  Dr.,   20  to  end 
White  St. 
Undercover  Way 

62  Alfred  Pi. 

Alfred  St.,  2-22  even,  1-25  odd  6 
Alfred  Street  Ext. 

Alfred  Terr.  6 
Baldwin  Green  2 
Elm  St .,  1  to  29  9 
Fisher  Tr.  25 
Fletcher  Rd.,  28  to  end  26 
Giacalone  Ln. 
Giacalone  Rd. 

Harold  Ave.  9 
Main  St.,    733  to  869  3 
Middlesex  Canal  Park 
Rear  Alfred  St - 
True  PI. 

Van  Norden  Rd.,    19  to  end  15 

63  Elm  St.,  30-72  even,  31-61  odd  24 
Newbridge  Ave.  11 
Patricia  Cr.  7 
Perry  Pi.  5 
Tidd  Ave .  6 
Traverse  St.,  10  to  end  6 
Ward  St.  22 
West  St.  30 

64  Elm  St.,  74-end  even,  63-end  odd  6 
Edwards  Rd.  24 
Keith  Cr.  16 
Main  St. ,  870  to  901  3 
School  St .,  1  to  13  11 
Traverse  St.,    1  to  9 

65  App  Ct.  6 
Dexter  Ave.,  1  to  13  (end)  12 
Donna  Rd .  10 
Donna  Road  Ext . 

East  Nichols  St.  14 

Lord  Terr.  2 

Main  St.,    902-972  even,  903-949  odd  30 

Milan  Ave.,    33  to  end  12 

Minot  St .  7 


&0 


Node  Niamber  of 

Number    Addresses  Residences 

Nichols  St.  19 

O'Neil  Rd.  2 

Pettiglio  Terr.  2 
Rear  Dexter  Ave. 
Wilson  St . 
Wyman  Pi  - 

66     Baldwin  Ave.  2 
Baldwin  St. 

Banks  St .  3 
Belmont  Ave. 

Chester  Ave.  21 

Cottage  St.  3 

Cutting  Ave .  1 

Danforth  Ave.  4 
•Daniel  Dr. 

Dartmouth  St.  12 
East  Dexter  Ave.,    14  to  100 

Eighth  Rd.  1 

Fletcher  Rd. ,  1  to  27  19 

Foster  Ave .  7 


Gerard  St. 
Glen  St. 
Hens el  Ave. 
Hillner  Ave. 


Jones  Ave.  8 

Longwood  Ave .  8 

Merrimac  St.,    1  to  76  22 

Michael  Cr.                                               _  34 

Mostika  Rd.  4 
Niehouse  Ave . 
Niehouse  St. 

Poplar  St.  7 
Prescott  St. 

School  St.,  14  to  7  9  4  8 
Tyler  St . 

Vein  Norden  Rd.,   1  to  18  10 

Williams  Ct.  5 

67  Gatta  Cr.  13 
Poole  St.,  2-34  even,  1-39  odd  30 
Nichols  St.  Ext.  54 
Webster  Ave.  60 
Webster  Ave .  Ext .  3 
Webster  Ct . 

Webster  St.,    1  to  19  1 

68  Bartlett  Dr.  26' 
Dickie  Rd.  9 
Florence  Rd. 

Kendal  Dr. 


Si 


Node 

Number  Addresses 


Number  of 
Residences 


Kendall  Dr.  17 

Kimball  Ct .  1 

Pearl  St.  292 

Spring  Garden  Tr.  4 
Sunnyside  Rd. 

Sylvan  Rd.  2 

Webster  St.,  20  to  end  11 
Westgate  Dr. 

69     Briarwood  Rd.  16 

Cedarwood  Rd.  10 

Mountain  St.,  4  5  to  end  19 
Norwood  Cr. 

Poole  St.,    36-end  even,    41-end  odd  9 

Robinlea  Cr.  12 

Winter  Rd.  4  9 

Winter  St.  11 

Williams  Ln.  6 


70     Albion  St. 
Alpine  Ave . 

Ashburton  Ave.  2  0 

Belle  View  Ave. 
Breed  Ave . 
Dakota  St. 

Delaware  Ave;'  2 
Driftwood  Dr. 
Florence  Ave . 

Ford  Tr.  2 
Glen  Ave . 
Grafton  St. 
Granville  St. 

Indiana  Ave.  2 
Inge low  Ave. 

Kearsage  Ave.  6 
Kentucky  Ave .  4 
Launoille  St. 

Lamoil  St.  6 

Lamcaster  St. 

Lee  St. 

Lenox  Ave . 

Leslie  Ave. 

Louisiana  Ave. 

Main  St.,  974-end  even,  951-end  odd  145 
Maryland  Ave. 

Massachusetts  Ave.  2 
Marian  St.  2 
Milan  Ave.,    1  to  32  25 
Missouri  Ave. 
Montgomery  Ave . 

Mountain  St.,    1  to  44  17 


82 


Node 

Number  Addresses 


Number  of 
Residences 


Naples  Ave. 

North  Maple  St.,  4,5,6,10,11,15,16, 

26,27,29, 31,40 
North  Massachusetts  Ave. 
North  Washington  Ave . 
Oregon  St . 
Park  Ave. 
Pennsylvania  Ave . 
Richmond  Ave . 
Sacremento  Ave. 
Spencer  Ave . 
Summit  Ave . 
Tennessee  Ave. 
Tennessee  St. 
Thurman  St . 
Townsend  St. 
Virginia  Ave. 
Wachusett  Ave. 
Washington  Ave. 
Wheeling  St. 
York  St. 
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TABLE  3.    1964-1969  USER  DEMAND  AREAS  BY  APPROXIMATE  GEOCODE  IN  DIME 
FORMAT:   STATE, COUNTY, CITY, DEMAND  AREA  =  25,    17,270,  101 
AND  THE  BOUNDARY  BETWEEN  AREAS  GIVEN  BY  LINE  SEGMENT 
ENDPOINTS,  EG;   424535  533884  AND  424612  533882 
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A 
U 

7  4 

/  4 

1  7970 

1  T  T  0  9 
X  3  3  U  Z  3 

17270 

1410424850 

?  4  Q  4  4  9  4  ft  ft 

3334j44Z4030 

J  .J  J  ^  ^  H 

0 

7  R 

17  970 

X  3  *t  U  4C  3 

179999999990424721 

3333X74Z4 /3D 

7  7  4  ft  R 
3  3  3  4  O  O 

A 

yj 

7 
/  o 

X  3 

1  T>~IC\ 
X  1  ^  1  \j 

1  7  4  o  9 

X  3  I  U  X  3 

17270 

1380424736 

c;774ftfl494740 

3334004Z4  1  H\j 

C  -3  -3  /I  Q7 
3  3  3  4  7  / 

A 

\j 

77 
/  / 

9  ^ 

^  3 

1  7  97  O 

1 d  o  9 1; 

X  3  4  U  Z  3 

17270 

1380424740 

c;'^'^4C1749477Q 
33347/4Z4/ /7 

4  A  ft 
3  3  3  4  D  O 

A 
U 

7  ft 
/  o 

9 

^  3 

1  7  97  O 
X  1  Z  1  \J 

1    ii  o  9 

X  3  4  U  Z  3 

17270 

1350424779 

^■^■^4fift494ft9ft 
3334004Z40Z0 

7  4  «^7 
3  3  3  4  3  / 

A 

u 

7  Q 

/  7 

9«\ 
Z  3 

1  7  970 
X  1  Z  1  yj 

X  3  4  U  Z  3 

17270 

1390424828 

^7'?4^7494R'^0 
33343 /4Z403U 

3  3  3  4  7  4 

A 

u 

ft  o 

9*% 

^  3 

1  7970 

1     o  9 

X  3  3  U  Z  3 

17270 

1380424779 

^T?4fift494770 

3334D04Z4/  1  \3 

3  3  3  4  4  X 

A 
U 

ft  1 

O  X 

9^ 
Z  3 

1  7  970 
X  1  Z  1  \J 

1     *^  O  9 
X  3  3  U  Z  3 

17270 

1360424770 

^T^441  494ft1  Q 

33344X4Z40X7 

C"3  "3^-31 
3  3  3  4  3  X 

A 

u 

ft  9 

25 

17270 

135025 

■mJ  ^  \J  ^  J 

17270 

1390424819 

533431424828 

533457 

0 

83 

25 

17270 

136025 

17270 

1380424770 

533441424751 

533344 

0 

84 

25 

17270 

136025 

179999999990424751 

533344424819 

533364 

0 

85 

25 

17270 

136025 

17270 

1390424819 

533364424819 

533431 

0 

86 

25 

17270 

138025 

179999999990424736 

533488424757 

533448 

0 

87 

25 

17270 

138025 

179999999990424757 

533448424751 

533344 

0 

88 

25 

17270 

139025 

179999999990424819 

533364424944 

533400 

0 

89 

3S' 


TABLE  3.    1964-1969  USER  DEMAND  AREAS  BY  APPROXIMATE  GEOCODE  IN  DIMI 
FORMAT:   STATE, COUNTY, CITY , DEMAND  AREA  =  25,    17,270,  101 
AND  THE  BOUNDARY  BETWEEN  AREAS  GIVEN  BY  LINE  SEGMENT 
ENDPOINTS,   EG:   424535  533884  AND  424612  533882 


9 

1.  J 

T  7270 

139025 

17270 

1440424944 

533400424884 

533447 

0 

90 

1  7  970 

139025 

^  <J   J   >J  *m 

17270 

1420424884 

533447424850 

533494 

0 

91 

9  ^ 

17  970 

14  0025 

Jto  *■  V/  w  ^  ^ 

17270 

1410424838 

533524424916 

533570 

0 

Q  9 

9 

1  7970 

140025 

17270 

1470424916 

533570424907 

533585 

0 

9  ^ 

17  970 

140025 

17270 

1460424907 

533585424869 

533615 

0 

94 

17270 

141025 

17270 

1420424850 

533494424930 

533537 

0 

95 

2  5 

17270 

141025 

17270 

1480424930 

533537424916 

533570 

0 

96 

25 

17270 

142025 

17270 

1440424884 

533447424930 

533537 

0 

97 

25 

17270 

144025 

179999999990424944 

533400424997 

533422 

0 

98 

Km* 

25 

17270 

144025 

17270 

1510424997 

533422424952 

533498 

0 

99 

25 

17270 

144025 

17270 

1500424952 

533498424930 

533537 

0 

100 

25 

17270 

146025 

17270 

1470424907 

533585424918 

533642 

0 

101 

25 

17270 

147025 

17270 

1480424916 

533570424932 

533596 

0 

102 

25 

17270 

147025 

17270 

1480424932 

533596424934 

533644 

0 

103 

25 

17270 

148025 

17270 

1500424930 

533537424967 

533571 

0 

104 

25 

17270 

148025 

17270 

1490424967 

533571424972 

533609 

0 

105 

25 

17270 

148025 

17270 

1520424972 

533609424980 

533645 

0 

106 

25 

17270 

148025 

17270 

1620424980 

533645424960 

533650 

0 

107 

25 

17270 

149025 

17270 

1500424967 

533571425003 

533570 

0 

108 

25 

17270 

149025 

17270 

1540425003 

533570425000 

533595 

0 

109 

25 

17270 

149025 

17270 

1520425000 

533595424972 

533609 

0 

110 

25 

17270 

150025 

17270 

1510424952 

533498425011 

533529 

0 

111 

25 

17270 

150025 

17270 

1540425011 

533529425003 

533570 

0 

112 

25 

17270 

151025 

179999999990424997 

533422425025 

533434 

0 

113 

25 

17270 

151025 

17270 

1580425025 

533434425018 

533484 

0 

114 

25 

17270 

151025 

17270 

1580425018 

533484425011 

533529 

0 

115 

25 

17270 

152025 

17270 

1540425000 

533595425011 

533597 

0 

116 

25 

17270 

152025 

17270 

1530425011 

533597425038 

533657 

0 

117 

25 

17270 

152025 

17270 

1620425038 

533657424980 

533S45 

0 

118 

25 

17270 

153025 

17270 

1540425011 

533597425033 

533585 

0 

119 

25 

17270 

153025 

17270 

1550425033 

533585425070 

533643 

0 

120 

25 

17270 

153025 

17270 

1660425070 

533643425038 

533657 

0 

121 

25 

17270 

154025 

17270 

1580425011 

533529425023 

533536 

0 

122 

25 

17270 

154025 

17270 

1580425023 

533536425069 

533549 

0 

127 

25 

17270 

154025 

17270 

1580425069 

533549425115 

533574 

0 

128 

25 

17270 

154025 

17270 

1550425115 

533574425033 

533585 

0 

124 

25 

17270 

155025 

17270 

1610425115 

533574425093 

533643 

0 

125 

25 

17270 

155025 

17270 

1660425093 

533643425070 

533643 

0 

126 

25 

17270 

158025 

179999999990425025 

533434425089 

533463 

0 

131 

25 

17270 

158025 

179999999990425089 

533463425282 

533526 

0 

136 

25 

17270 

158025 

179999999990425282 

533526425263 

533559 

0 

137 

25 

17270 

158025 

179999999990425263 

533559425240 

533599 

0 

134 

25 

17270 

158025 

17270 

1610425240 

533599425115 

533574 

0 

135 

25 

17270 

161025 

179999999990425240 

533599425214 

533644 

0 

138 

25 

17270 

161025 

17270 

1700425214 

533644425133 

533666 

0 

139 

8Q> 


TABLE  3.    1964-1969  USER  DEMAND  AREAS  BY  APPROXIMATE  GEOCODE  IN  DIME 
FORMAT:   STATE, COUNTY, CITY, DEMAND  AREA  =  25,   17,270,  101 
AND  THE  BOUNDARY  BETWEEN  AREAS  GIVEN  BY  LINE  SEGMENT 
ENDPOINTS,  EG:   424535  533884  AND  424612  533882 


25 

17270 

161025 

17270 

1660425133 

533666425093 

533643 

0 

140 

25 

17270 

162025 

17270 

1660425038 

533657425036 

533695 

0 

141 

25 

17270 

162025 

17270 

1640425036 

533695425036 

533707 

0 

142 

25 

17270 

162025 

17270 

1630425036 

533707425003 

533714 

0 

143 

25 

17270 

162025 

17270 

1680425003 

533714424968 

533726 

0 

144 

25 

17270 

163025 

17270 

1640425036 

533707425059 

533746 

0 

145 

25 

17270 

163025 

17270 

1680425059 

533746425013 

533741 

0 

146 

25 

17270 

163025 

17270 

1680425013 

533741425002 

533714 

0 

147 

25 

17270 

164025 

17270 

1660425036 

533695425071 

533702 

0 

148 

25 

17270 

164025 

17270 

1650425071 

533702425067 

533731 

0 

149 

25 

17270 

164025 

17270 

1670425067 

533731425059 

533746 

0 

150 

25 

17270 

165025 

17270 

1660425071 

533702425113 

533698 

0 

151 

25 

17270 

165025 

17270 

1700425113 

533698425109 

533737 

0 

152 

25 

17270 

165025 

17270 

1670425109 

533737425067 

533731 

0 

153 

25 

17270 

166025 

17270 

1700425133 

533666425113 

533698 

0 

154 

25 

17270 

167025 

17270 

1690425109 

533737425077 

533774 

0 

155 

25 

17270 

167025 

17270 

1680425077 

533774425059 

533746 

0 

156 

25 

17270 

168025 

179999999990425077 

533774424963 

533764 

0 

157 

25 

17270 

169025 

17270 

1700425109 

533737425151 

533752 

0 

158 

25 

17270 

169025 

179999999990425151 

533752425143 

533765 

0 

159 

25 

17270 

169025 

179999999990425143 

533765425077 

533774 

0 

160 

25 

17270 

170025 

179999999990425214 

533644425151 

533752 

0 

161 

91 


TABLE  4.    1970-1979  USER  DEMAND  AREAS  BY  APPROXIMATE  GEOCODE  IN  DIME 
FORMAT:   STATE, COUNTY , CITY, DEMAND  AREA  =  25,    17,270,  101 
AND  THE  BOUNDARY  BETWEEN  AREAS  GIVEN  BY  LINE  SEGMENT 
ENDPOINTS,  EG:   424535  533834  AND  424612  533882 


25 

17270 

101025 

17270 

1030424535 

533846424612 

533882 

0 

01 

25 

17270 

101025 

17270 

1040424612 

533882424727 

533953 

0 

02 

25 

17270 

101025 

179999999990424727 

533953424644 

534026 

0 

03 

25 

17270 

101025 

179999999990424644 

534026424629 

534039 

0 

04 

25 

17270 

101025 

179999999990424629 

534039424500 

533899 

0 

05 

25 

17270 

101025 

179999999990424500 

533899424535 

533846 

0 

06 

25 

17270 

103025 

17999i* 

999990424535 

533846424580 

533777 

0 

07 

25 

17270 

103025 

17270 

1060424580 

533777424635 

533795 

0 

08 

25 

17270 

103025 

17270 

1040424635 

533795424612 

533882 

0 

09 

25 

17270 

104025 

17270 

1060424635 

533795424750 

533855 

0 

10 

25 

17270 

104025 

17270 

1070424750 

533855424785 

533902 

0 

11 

25 

17270 

104025 

179999999990424785 

533902424727 

533953 

0 

12 

25 

17270 

106025 

179999999990424580 

533777424608 

533734 

0 

13 

25 

17270 

106025 

17270 

1170424608 

533734424646 

533712 

0 

14 

25 

17270 

106025 

17270 

1110424646 

533712424690 

533779 

0 

15 

25 

17270 

106025 

17270 

1090424690 

533779424757 

533826 

0 

16 

25 

17270 

106025 

17270 

1070424757 

533826424750 

533855 

0 

17 

25 

17270 

107025 

17270 

1090424757 

533826424772 

533810 

0 

18 

25 

17270 

107025 

17270 

1080424772 

533810424837 

533828 

0 

19 

25 

17270 

107025 

179999999990424837 

533828424785 

533902 

0 

20 

25 

17270 

108025 

17270 

1090424772 

533810424816 

533716 

0 

21 

25 

17270 

108025 

17270 

1240424816 

533716424876 

533770 

0 

22 

25 

17270 

108025 

179999999990424876 

533770424837 

533828 

0 

23 

25 

17270 

109025 

17270 

1110424690 

533779424756 

533719 

0 

24 

25 

17270 

109025 

17270 

1110424756 

533719424816 

533716 

0 

25 

25 

17270 

111025 

17270 

1170424646 

533712424708 

533655 

0 

26 

25 

17270 

111025 

17270 

1190424708 

533655424747 

533672 

0 

27 

25 

17270 

111025 

17270 

1180424747 

533672424819 

533704 

0 

28 

25 

17270 

111025 

17270 

1240424819 

533704424816 

533716 

0 

29 

25 

17270 

117025 

179999999990424608 

533734424576 

533670 

0 

30 

25 

17270 

117025 

179999999990424576 

533670424656 

533655 

0 

31 

25 

17270 

117025 

179999999990424656 

533655424693 

533577 

0 

32 

25 

17270 

117025 

17270 

1300424693 

533577424713 

533601 

0 

33 

25 

17270 

117025 

17270 

1190424713 

533601424687 

533643 

0 

34 

25 

17270 

117025 

17270 

1190424687 

533643424708 

533655 

0 

35 

25 

17270 

118025 

17270 

1190424747 

533672424756 

533648 

0 

36 

25 

17270 

118025 

17270 

1200424756 

533648424771 

533644 

0 

37 

25 

17270 

118025 

17270 

1210424771 

533644424783 

533653 

0 

38 

25 

17270 

118025 

17270 

1220424783 

533653424818 

533678 

0 

39 

25 

17270 

118025 

17270 

1240424818 

533678424819 

533704 

0 

40 

25 

17270 

119025 

17270 

1300424713 

533601424735 

533600 

0 

41 

25 

17270 

119025 

17270 

1200424735 

533600424756 

533648 

0 

42 

25 

17270 

120025 

17270 

1300424735 

533600424772 

533609 

0 

43 

25 

17270 

120025 

17270 

1310424772 

533609424782 

533619 

0 

44 

25 

17270 

120025 

17270 

1210424782 

533619424771 

533644 

0 

45 

TABLE  4.    1970-1979  USER  DEMAND  AREAS  BY  APPROXIMATE  GEOCODES  IN  DIME 
FORMAT:   STATE, COUNTY, CITY, DEMAND  AREA  =   25,    17,270,  101 
AND  THE  BOUNDARY  BETWEEN  AREAS  GIVEN  BY  LINE  SEGMENT 
ENDPOINTS,   EG:   424535  533884  AND  424612  533882 


25 

17270 

121025 

17270 

1310424782 

533619424809 

533621 

0 

46 

25 

17270 

121025 

17270 

1220424809 

533621424783 

533653 

0 

47 

25 

17270 

122025 

17270 

1230424809 

533621424823 

533665 

0 

48 

25 

17270 

122025 

17270 

1240424823 

533665424818 

533678 

0 

49 

25 

17270 

123025 

17270 

1310424809 

533621424840 

533592 

0 

50 

25 

17270 

123025 

17270 

1400424840 

533592424840 

533616 

0 

51 

25 

17270 

123025 

17270 

1240424840 

533616424823 

533665 

0 

52 

25 

17270 

124025 

17270 

1400424840 

533616424869 

533615 

0 

53 

25 

17270 

124025 

17270 

1460424869 

533615424882 

533639 

0 

54 

25 

17270 

124025 

17270 

1250424882 

533639424874 

533661 

0 

55 

25 

17270 

124025 

17270 

1260424874 

533661424895 

533764 

0 

56 

25 

17270 

124025 

179999999990424895 

533764424876 

533770 

0 

57 

25 

17270 

125025 

17270 

1460424882 

533639424918 

533642 

0 

58 

25 

17270 

125025 

17270 

1260424918 

533642424907 

533666 

0 

59 

25 

17270 

125025 

17270 

1260424907 

533666424874 

533661 

0 

60 

25 

17270 

126025 

17270 

1470424918 

533642424934 

533644 

0 

61 

25 

17270 

126025 

17270 

1480424934 

533644424960 

533650 

0 

62 

25 

17270 

126025 

17270 

1620424960 

533650424947 

533726 

0 

63 

25 

17270 

126025 

17270 

1620424947 

533726424968 

533726 

0 

64 

25 

17270 

126025 

17270 

1680424968 

533726424963 

533764 

0 

65 

25 

17270 

126025 

179999999990424963 

533764424895 

533764 

0 

66 

25 

17270 

130025 

179999999990424693 

533577424721 

533519 

0 

67 

25 

17270 

130025 

17270 

1340424721 

533519424797 

533547 

0 

68 

25 

17270 

130025 

17270 

1320424797 

533547424784 

533577 

0 

69 

25 

17270 

130025 

17270 

1310424784 

533577424772 

533609 

0 

70 

25 

17270 

131025 

17270 

1320424784 

533577424840 

533592 

0 

71 

25 

17270 

132025 

17270 

1330424797 

533547424838 

533524 

0 

72 

25 

17270 

132025 

17270 

1400424838 

533524424840 

533592 

0 

73 

25 

17270 

133025 

17270 

1340424797 

533547424805 

533496 

0 

162 

25 

17270 

133025 

17270 

1340424805 

533496424850 

533494 

0 

74 

25 

17270 

133025 

17270 

1410424850 

533494424838 

533524 

0 

75 

25 

17270 

134025 

179999999990424721 

533519424736 

533488 

0 

76 

25 

17270 

134025 

17270 

1380424736 

533488424740 

533497 

0 

77 

25 

17270 

134025 

17270 

1380424740 

533497424779 

533468 

0 

78 

25 

17270 

134025 

17270 

1350424779 

533468424828 

533457 

0 

79 

25 

17270 

134025 

17270 

1390424828 

533457424850 

533494 

0 

80 

25 

17270 

135025 

17270 

1380424779 

533468424770 

533441 

0 

81 

25 

17270 

135025 

17270 

1360424770 

533441424819 

533431 

0 

82 

25 

17270 

135025 

17270 

1390424819 

533431424828 

533457 

0 

83 

25 

17270 

136025 

17270 

1380424770 

533441424751 

533344 

0 

84 

25 

17270 

136025 

179999999990424751 

533344424819 

533364 

0 

85 

25 

17270 

136025 

17270 

1390424819 

533364424819 

533431 

0 

86 

25 

17270 

138025 

179999999990424736 

533488424757 

533448 

0 

87 

25 

17270 

138025 

179999999990424757 

533448424751 

533344- 

0 

88 

25 

17270 

139025 

179999999990424819 

533364424944 

533400 

0 

89 

TABLE  4.   1970-1979  USER  DEMAND  AREAS  BY  APPROXIMATE  GEOCODES  IN  DIME 
FORMAT:   STATE, COUNTY, CITY, DEMAND  AREA  =  25,   17,270,  101 
AND  THE  BOUNDARY  BETWEEN  AREAS  GIVEN  BY  LINE  SEGMENT 
ENDPOINTS,   EG:   424535  533884  AND  424612  533882 


25 

17270 

139025 

17270 

1440424944 

533400424884 

533447 

0 

90 

25 

17270 

139025 

17270 

1420424884 

533447424850 

533494 

0 

25 

17270 

140025 

17270 

1410424838 

533524424916 

533570 

0 

9  2 

25 

17270 

140025 

17270 

1470424916 

533570424907 

533585 

0 

93 

25 

17270 

140025 

17270 

1460424907 

533585424869 

533615 

0 

94 

25 

17270 

141025 

17270 

1420424850 

5334944249^^ 

533537 

0 

95 

25 

17270 

141025 

17270 

1480424930 

533537424916 

533570 

0 

96 

25 

17270 

142025 

17270 

1440424884 

533447424930 

533537 

0 

97 

25 

17270 

144025 

179999999990424944 

533400424997 

533422 

0 

98 

25 

17270 

144025 

17270 

1510424997 

533422424952 

533498 

0 

99 

25 

17270 

144025 

17270 

1500424952 

533498424930 

533537 

0 

100 

25 

17270 

146025 

17270 

1470424907 

533585424918 

533642 

0 

101 

25 

17270 

147025 

17270 

1480424916 

533570424932 

533596 

0 

102 

25 

17270 

147025 

17270 

1480424932 

533596424934 

533644 

0 

103 

25 

17270 

148025 

17270 

1500424930 

533537424967 

533571 

0 

104 

25 

17270 

148025 

17270 

1490424967 

533571424972 

533609 

0 

105 

25 

17270 

148025 

17270 

1520424972 

533609424980 

533645 

0 

106 

25 

17270 

148025 

17270 

1620424980 

533645424960 

533650 

0 

107 

25 

17270 

149025 

17270 

1500424967 

533571425003 

533570 

0 

108 

25 

17270 

149025 

17270 

1540425003 

533570425000 

533595 

0 

109 

25 

17270 

149025 

17270 

1520425000 

533595424972 

533609 

0 

110 

25 

17270 

150025 

17270 

1510424952 

533498425011 

533529 

0 

111 

25 

17270 

150025 

17270 

1540425011 

533529425003 

533570 

0 

112 

25 

17270 

151025 

179999999990424997 

533422425025 

533434 

0 

113 

25 

17270 

151025 

17270 

1580425025 

533434425018 

533484 

0 

114 

25 

17270 

151025 

17270 

1570425018 

533484425011 

533529 

0 

115 

25 

17270 

152025 

17270 

1540425000 

533595425011 

533597 

0 

116 

25 

17270 

152025 

17270 

1530425011 

533597425038 

533657 

0 

117 

25 

17270 

152025 

17270 

1620425038 

533657424980 

533645 

0 

118 

25 

17270 

153025 

17270 

1540425011 

533597425033 

533585 

0 

119 

25 

17270 

153025 

17270 

1550425033 

533585425070 

533643 

0 

120 

25 

17270 

153025 

17270 

1660425070 

533643425038 

533657 

0 

121 

25 

17270 

154025 

17270 

1570425011 

533529425023 

533536 

0 

122 

25 

17270 

154025 

17270 

1560425023 

533536425033 

533585 

0 

123 

25 

17270 

155025 

17270 

1560425033 

533585425115 

533574 

0 

124 

25 

17270 

155025 

17270 

1610425115 

533574425093 

533643 

0 

125 

25 

17270 

155025 

17270 

1660425093 

533643425070 

533643 

0 

126 

25 

17270 

156025 

17270 

1570425023 

533536425069 

533549 

0 

127 

25 

17270 

156025 

17270 

1570425069 

533549425115 

533574 

0 

128 

25 

17270 

157025 

17270 

1580425018 

533484425082 

533484 

0 

129 

25 

17270 

157025 

17270 

1580425082 

533484425263 

533559 

0 

133 

25 

17270 

157025 

179999999990425263 

533559425240 

533599 

0 

134 

25 

17270 

157025 

17270 

1610425240 

533599425115 

533574 

0 

135 

25 

17270 

158025 

179999999990425025 

533434425089 

533463 

0 

131 

25 

17270 

158025 

179999999990425089 

533463425282 

533526 

0 

136 

90 


TABLE  4.   1970-1979  USER  DEMAND  AREAS  BY  APPROXIMATE  GEOCODES  IN  DIME 
FORMAT:   STATE, COONTY, CITY, DEMAND  AREA  =  25,    17,270,  101 
AND  THE  BOUNDARY  BETWEEN  AREAS  GIVEN  BY  LINE  SEGMENT 
ENDPOINTS,   EG:   424535  533884  AND  424612  533882 


25 

17270 

158025 

179999999990425282 

533526425263 

533559 

0 

137 

25 

17270 

161025 

179999999990425240 

533599425214 

533644 

0 

138 

25 

17270 

161025 

17270 

1700425214 

533644425133 

533666 

0 

139 

25 

17270 

161025 

17270 

1660425133 

533666425093 

533643 

0 

140 

25 

17270 

162025 

17270 

1660425038 

533657425036 

533695 

0 

141 

25 

17270 

162025 

17270 

1640425036 

533695425036 

'^33707 

0 

142 

25 

17270 

162025 

17270 

1630425036 

533707425003 

533714 

0 

143 

25 

17270 

162025 

17270 

1680425003 

533714424968 

533726 

0 

144 

25 

17270 

163025 

17270 

1640425036 

533707425059 

533746 

0 

145 

25 

17270 

163025 

17270 

1680425059 

533746425013 

533741 

0 

146 

25 

17270 

163025 

17270 

1680425013 

533741425003 

533714 

0 

147 

25 

17270 

164025 

17270 

1660425036 

533695425071 

533702 

0 

148 

25 

17270 

164025 

17270 

1650425071 

533702425067 

533731 

0 

149 

25 

17270 

164025 

17270 

1670425067 

533731425059 

533746 

0 

150 

25 

17270 

165025 

17270 

1660425071 

533702425113 

533698 

0 

151 

25 

17270 

165025 

17270 

1700425113 

533698425109 

533737 

0 

152 

25 

17270 

165025 

17270 

1670425109 

533737425067 

533731 

0 

153 

25 

17270 

166025 

17270 

1700425133 

533666425113 

533698 

0 

154 

25 

17270 

167025 

17270 

1690425109 

533737425077 

533774 

0 

155 

25 

17270 

167025 

17270 

1680425077 

533774425059 

533746 

0 

156 

25 

17270 

168025 

179999999990425077 

533774424963 

533764 

0 

157 

25 

17270 

169025 

17270 

1700425109 

533737425151 

533752 

0 

158 

25 

17270 

169025 

179999999990425151 

533752425143 

533765 

0 

159 

25 

17270 

169025 

179999999990425143 

533765425077 

533774 

0 

160 

25 

17270 

170025 

179999999990425214 

533644425151 

533752 

0 

161 

9( 


TABLE  5.    WELL  USE  AND  PUMPING  RATES,    AND  TOTAL  USER  DEMAND 


Month 

Mo  Avg 

Mo  Avg 

Other 

Total 

Fract 

Fract 

Fract 

and 

GPM 

GPM 

Wells 

User 

G/H  on 

E  on 

E 

off 

Year 

A2 , B , C2 

E  on 

on 

Demand 

Oct. 64 

1018 

681 

D,  F,G 

2729 

0 . 994 

0 

.429 

0. 

571 

Nov. 64 

1590 

701 

F,G 

2493 

0  .783 

0 

.387 

0. 

613 

Dec . 64 

1528 

715 

F,G 

2514 

0 .  865 

0 

.425 

0. 

575 

Dec .65 

1493 

625 

G 

2375 

0.965 

0 

.114 

0. 

886 

Jan . 66 

1493 

646 

G 

2438 

1  -  000 

0 

.119 

0. 

881 

Feb. 66 

1618 

597 

G 

2465 

1  . 000 

0 

.082 

0. 

918 

Mar. 66 

1  806 

0 

G 

2535 

1  . 000 

0 

.  000 

1 . 

000 

Apr . 66 

1449 

0 

D,  F/G 

2972 

1  . 000 

0 

.000 

1 . 

000 

May  66 

2250 

0 

G 

2903 

0 . 945 

0 

.000 

1 . 

000 

June66 

1713 

590 

D,  F,G 

3389 

1  .000 

0 

.090 

0. 

910 

July66 

2116 

806 

D,F,G 

4222 

1  .000 

0 

.610 

0. 

390 

Aug .66 

2944 

715 

G 

3875 

1  . 000 

0 

.335 

0. 

665 

Sep . 66 

1827 

660 

F,G 

3090 

1 . 000 

0 

.  507 

0. 

493 

Oct . 66 

1625 

674 

F,G 

2861 

1  . 000 

0 

.455 

0. 

545 

Nov. 66 

1889 

681 

F,G 

2847 

0 .  567 

0 

.488 

0 . 

512 

Dec .66 

1819 

681 

G 

2604 

0  .823 

0 

.  365 

0. 

635 

Jan . 67 

1625 

729 

F,G 

2674 

0 .  823 

0 

.384 

0. 

616 

Feb. 67 

1653 

715 

F,G 

2965 

1  . 000 

0 

.  536 

0. 

464 

Mar .67 

1708 

674 

F,G 

2653 

0  .387 

0 

.  333 

0. 

667 

July67 

2150 

0 

D,  F,H 

3160 

0 . 097 

0 

.000 

1 . 

000 

Aug . 67 

1609 

0 

D,  F,H 

3486 

0  .258 

0 

.  000 

1 . 

000 

465 

D, F , G , H 

0  .  645 

0 

.250 

0. 

750 

Sep. 67 

1282 

465 

D,F,G 

3569 

0.133 

0 

.925 

0. 

075 

1972 

465 

F,H 

0.  100 

0 

.  867 

0. 

133 

1282 

465 

D,F,G,H 

0.767 

0 

.552 

0. 

448 

Oct . 67 

977 

458 

D,F,G,H 

3431 

1  .000 

0 

.710 

0. 

290 

Nov. 67 

1095 

444 

D,F,G,H 

3361 

0.833 

0 

.920 

0. 

080 

Dec  -  67 

1852 

451 

D,F,G,H 

3333 

0.139 

1 

.000 

0. 

000 

Well  D  pumped  approximately  690  GPM,  when  operating. 

Well  F  pumped  approximately  236  GPM,  vhen  operating. 

Well  G  pumped  approximately  800  GPM,  vhen  operating. 

Well  H  pumped  approximately  400  GPM,  vhen  operating. 


Month 

Mo  Avg 

Mo  Avg 

Other 

Total 

Fract 

Fract 

Fract 

and 

GPM 

GPM 

Wells 

User 

G/H  on 

1 1 

t. 

OIL 

Year 

on 

on 

Dema  nd 

Apr .68 

1734 

486 

D,  F,G 

3583 

0 

.633 

0 

.789 

0. 

211 

May  68 

1567 

458 

D,F,G 

3694 

1 

.000 

0 

.871 

0. 

129 

June68 

1456 

472 

D,F,G 

3646 

1 

.000 

0 

.997 

0. 

003 

July68 

2109 

479 

D,F,G 

4257 

1 

.000 

0 

.874 

0. 

126 

Aug .68 

2220 

472 

D,F,G 

4347 

1 

.000 

0 

.  884 

0. 

116 

Sep. 68 

1866 

444 

D,F,G 

3944 

0 

.997 

0 

.  823 

0. 

177 

Oct .68 

1602 

438 

D,F,G 

3646 

1 

.000 

0 

.739 

0. 

261 

Nov. 68 

2160 

438 

F,G 

3389 

0 

.827 

U 

u . 

1  D  3 

L>eC  .DO 

H  1  Z. 

J  J  UD 

0 

.823 

0 

.765 

0. 

235 

Jan. 69 

2306 

479 

F,G 

3431 

0 

.813 

0 

.587 

0. 

413 

Feb. 69 

2181 

479 

F,G 

3472 

1 

.000 

0 

.  536 

0. 

464 

Mar .69 

1449 

479 

D,F,G 

3472 

1 

.000 

0 

.600 

0. 

400 

Apr .69 

1470 

479 

D,F,G 

3472 

1 

.000 

0 

.563 

0. 

437 

May  69 

1309 

493 

D,F,G 

3660 

1 

.000 

0 

.642 

0. 

358 

June69 

2414 

486 

D,F,G 

4507 

1 

.000 

0 

.750 

0. 

250 

July69 

2241 

514 

D,F,G 

4375 

1 

.000 

0 

.784 

0. 

216 

Aug. 69 

2046 

500 

D,  F,G 

4201 

1 

.000 

0 

.868 

0. 

132 

Sep. 69 

2354 

493 

F,G 

3694 

1 

.000 

0 

.703 

0. 

297 

Oct .69 

2653 

458 

F,G 

3271 

0 

.016 

1 

.000 

0. 

000 

Well  D  pumped  approximately  690  GPM,   when  operating. 

Well  F  pumped  approximately  236  GPM,  when  operating. 

Well  G  pumped  approximately  800  GPM,  when  operating. 

Well  H  pumped  approximately  400  GPM,   when  operating. 
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Mon  c  n 

Mo    A  vn 

Tnt  a  1 

Fract 

Fract 

Fract 

and 

GPM 

GPM 

Wells 

User 

G/H  on 

E  on 

E 

off 

Year 

A2 , B, C2 

E  on 

on 

Demand 

Apr .70 

1789 

486 

D,  F,G 

3347 

0 

.500 

0.707 

0 

.293 

May  70 

1699 

500 

D,  F,G 

3583 

0 

.703 

0.794 

0 

206 

June70 

2352 

493 

D,F,G 

4410 

1 

.000 

0.853 

0. 

147 

July70 

2178 

472 

D,F,G 

4229 

0 

.984 

0.721 

0. 

279 

Aug. 70 

2053 

458 

D,  F,G 

4139 

1 

.  (J  W  VJ 

0.787 

0. 

213 

Sep. 70 

1512 

465 

D,F,G 

2910 

1 

.000 

0.  567 

r\ 

u . 

4  J  J 

UC t  .  /  U 

1  "7  D  "> 

HO  J 

n  F  n 

^  ^  \J 

0 

.500 

0  fiOO 

0. 

200 

Nov. 70 

2229 

451 

F,G 

3042 

0 

.327 

0.745 

0. 

255 

Dec . 70 

1484 

458 

D,  F,G 

2965 

0 

.  ^32 

0.777 

0. 

223 

May  71 

1859 

472 

D,  F,G 

3278 

0 

.  100 

1  .000 

0. 

000 

July71 

2498 

493 

D,  F,G 

4431 

0 

.735 

0.877 

0. 

123 

Aug . 7 1 

2354 

486 

F,G 

3840 

i 

•  uu  u 

0.945 

0. 

055 

Sep. 71 

2264 

472 

F,G 

3528 

0 

.930 

0.570 

u . 

UCu . / i 

1  o  /  J 

0 

.823 

n  7fi9 

0. 

231 

Nov . 7 1 

1861 

465 

F,G 

2924 

0 

.550 

0.970 

0. 

030 

Dec. 71 

1632 

465 

F,G 

2917 

0 

.813 

1  .000 

0. 

000 

Jan .  72 

1137 

465 

D,  F,G 

3132 

0 

.832 

0.996 

u . 

nn  yi 

1  7  1  S 

4  7  7 

1  n  7  R 

1 

.000 

0. 

424 

Mar .72 

1123 

479 

D,  F,G 

3097 

0 

.913 

0.611 

0. 

389 

Apr .72 

1366 

486 

D,  r  ,G 

3167 

0 

.540 

1  .000 

0. 

000 

Aug . 74 

2206 

479 

D,  F,G 

4396 

0 

.865 

1  .000 

0. 

000 

D,F,G,H 

0 

106 

0.939 

0. 

061 

Sep. 74 

1833 

472 

F,G 

361 1 

0 

077 

1  .000 

0. 

000 

F,H 

0 

010 

1  .000 

0. 

000 

F,G,H 

0 

913 

1  .000 

0. 

000 

Oct . 74 

1715 

507 

F,G 

3542 

0  . 

029 

1  .000 

0. 

000 

F,H 

0  . 

010 

]  .000 

0. 

000 

F,G,H 

0  . 

961 

1  .  000 

0. 

000 

Nov  .  74 

1695 

438 

F,G 

3319 

0  . 

357 

1  .000 

0. 

000 

F,H 

0  . 

010 

1  .000 

0. 

000 

F,G,H 

0  . 

620 

1  .000 

0. 

000 

Dec . 74 

2000 

444 

F,G 

3028 

0  . 

271 

1  .000 

0. 

000 

F,G,  H 

0  . 

132 

1  .000 

0. 

000 

Well   D  pumped  approximately  690  GPM,  when  operating. 

Well   F  pumped  approximately  236  GPM,  when  operating. 

Well  G  pumped  approximately  800  GPM,  when  operating. 

Woil   Pi  pumped  approximately  400  GPM,  when  operating. 
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Mon  h  h 

/\  V  y 

Mo    A  vn 

Oh  hp  r 

r  L  u  u 

Fract 

Fract 

and 

GPM 

GPM 

Wells 

User 

G/H  on 

E  on 

E 

off 

Year 

A2, B,C2 

E  on 

on 

Demand 

nay     /  -> 

^.  O  KJ  J 

M  H  H 

n  r* 

?  7QQ 

U  •  M  U  -/ 

0 

9Q  9 

n 

VJ  . 

nn  "7 

VJVJ  / 

1  Q77 

4  1ft 

n  F  r" 
u  /  r  , 

VJ  J  VJ 

n  Q  7  9 

VJ  •  J  ^  J 

X 

000 

n 

VJ  . 

nnn 

VJVJVJ 

r>  P  H 

n  077 

VJ  .  VJ  /  / 

1 

000 

•  V  vy  V 

n 

VJ  . 

nnn 

VJVJVJ 

.Til  1  v7S 

4"^  ft 

n  P  n 

44 1  n 

*1  H  I  VJ 

n  n4  7 

VJ  •  VJ  T  i. 

1 

X 

nno 

n 

VJ  . 

nnn 

VJVJVJ 

■n  F  n  H 

n  Q  ft 

VJ  .  J  J  o 

1 

nno 

.  VJ  vJ  VJ 

n 

nnn 

VJVJVJ 

n .  /  _> 

^  7nA 

444 

n   F  r* 

4nn7 

T  VJ  VJ  / 

C\    4  7  7 

VJ  •  M  Z  J 

1 

nnn 

•  VJ  VJ  VJ 

n 

VJ  . 

nnn 

VJVJVJ 

D  F  r:  P 

n  S77 

1 

nnn 

.  VJ  VJ  VJ 

n 

VJ  . 

nnn 

VJVJVJ 

o  tr  ^  •  1  J 

1  "?  P  Q 

1  ^  O  7 

444 

M  H  T 

r»   F  n 

J  J  ^  VJ 

n  Aon 

Vj  •  D  J  VJ 

1 

nnn 

.  VJVjV/ 

A 
VJ  . 

nnn 
VjVjVJ 

n  F  u 

n  n  1  n 

VJ  .  VJ  i  VJ 

^ 

nnn 

.  VJ  VJ  VJ 

A 

VJ  . 

nnn 

VJVJVJ 

r»  F  r"  H 

n  9 no 

1 
i 

nnn 

.  VJVJVJ 

A 
VJ  . 

nnn 
VJUU 

UC  t  •  /  D 

1  fin  9 

Vi    V  c 

"5474 

VJ  .  o  z  o 

1 

.000 

0. 

000 

Nov. 75 

1852 

451 

D,F,G 

3528 

0.417 

1 

.000 

0. 

000 

Dec. 75 

1449 

458 

D,F,G 

3521 

0.961 

1 

1 

nnn 

.  VJVJVJ 

n 

VJ  . 

nnn 

UVJ  VJ 

Tan  7fi 

1^17 
1  J  1  / 

444 

*t  T  *1 

n  F  n 

94  17 

1  ooo 

1  .  VJVJVJ 

1 

nnn 

.  VJVJVJ 

n 

VJ  . 

nnn 

VJVJVJ 

PqK  7fi 

1  o  o  / 

4S  1 

r>  F 

9  7  7  7 

0    Q  A  A 
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0. 

028 

Sep . 76 

2220 

403 

D,F,H 

3826 

1 .000 

0 

.997 

0. 

003 

Oct .76 

2116 

396 

D,F,H 

3826 

0.968 

1 

I 

nnn 

.  VJVJVJ 

n 

VJ  . 

nnn 

VJVJVJ 

.Tan    7  7 

4m 

r»  F  n 

/  r  /  Vj 

4  11ft 

0    9  OA 

VJ  •  J  VJ  D 

1 
1 

nnn 

.  VJ  VJ  VJ 

n 

VJ  • 

nnn 

VJ  VJ  VJ 

Fph  77 

1  Q  7  R 

1  ft  Q 

J  o 

n  F  r: 

J  ^  J  o 

O    Q-7  1 

VJ  .  J  /  i 

1 

nnn 

.  VJ  VJ  VJ 

n 

VJ  . 

nnn 

VJ  U  VJ 

M;^  -   7  7 

1  fl  ft  7 

ft  Q 

J  O  J 

n  F 
u  /  r  /  (j 

J  ^  i  VJ 

O    ft  Q  7 
VJ  .  O  7  / 

1 

nnn 

.  VJ  VJ  VJ 

n 

VJ  . 

nnn 

VJVJVJ 

An  r  77 

1  o  u  o 

1  ft  Q 
J  o  ^ 

n  F  n 

U  r  r  f  Vj 

9  A74 

O    Q  A  ? 

VJ  .  ^  U  J 

A 
VJ 

4  7  1 

n 

VJ  . 

A  7  Q 

Ma  V    7  7 

1  S  74 

Q 

O  J  J 

n  F 
u  /  r  /  vj 

9  Q  S  1 

0    A  9  7 

VJ  .  O  J  z 

VJ 

ft4  7 

n 

VJ  . 

1  S  9 

n  F  r:  p 
u ,  L  /  vj  /  n 

0    7  A  ft 
VJ  .  J  o  o 

1 
i 

nnn 

.  VJ  VJ  VJ 

n 

VJ  . 

nnn 

VJ  VJ  VJ 

,T  n  n  p  7  7 

1  7  S  S 

O  J  ^ 

n  F  n 

U  /  r  /  Vj 

9  ftp  A 
J  o  ^  o 

0    Q7 1 

VJ  •  ^  ^  J 

A 
VJ 

Q7  A 

n 

VJ  « 

n7  A 

VJ  ^  J 

r>  F  r:  p 
u  t  £  /  vj  /  n 

0   07  7 

VJ  .  VJ  /  / 

1 
1 

non 

.  VJ  VJ  VJ 

n 

VJ  . 

nnn 

www 

Jn 1 v7  7 
o  Li  i  y  /  / 

1  Q  7  ft 

i.  7  ^  O 

fi  7 
O  J  ^ 

n   F  r! 
u  /  r  /  V7 

4  1  A7 

H  i  VJ  / 

0  QQ4 

VJ  •  ^  ^  M 

A 
VJ 

QQn 

.  J  ^  VJ 

n 

VJ  . 

n  1  n 

VJ  1  VJ 

Ann  77 

1  74ft 

1  /HO 

A  1  ft 
O  J.  o 

n  F  n 

U  /  r  /  Vj 

9Q44 

J  ^  *T  M 

0  QQ7 
VJ  .  J  ^  / 

A 
VJ 

Q  A4 
.  J  D  H 

n 

VJ  . 

n  9  A 

VJ  J  D 

^f^r^    7  7 
O       •  /  / 

1  7nfi 

J  y  U 

n  F  n 

U  /  r  ,  Vj 

9  ftQ  A 

J  O  ^  D 

1  OOO 

1  •  VJ  VJ  VJ 

A 
VJ 

.  ^  ^  J 

n 

VJ  . 

nn7 

VJVJ  / 

1  An7 

i  o  u  z 

r»  F  r" 
u  »  r  /  Vj 

7  A  AO 

J  O  D  vJ 

1  ooo 

1  .  VJ  VJ  VJ 

A 
VJ 

Q  9  A 
.  r>  J  J 

A 

vJ  . 

n  A  A 

VJ  D  IJ 

Mnv  77 

1     ft  1 

D  U  H 

n  F  p 

U  »  r  ,  Vj 

9  A  1  ft 

1  ooo 

i  .  VJ  VJ  VJ 

0 

.750 

0  . 

250 

Dec . 77 

2081 

0 

D,  F,G 

3681 

1  .000 

0 

.000 

1  . 

000 

Well   D  pumped  approximately  690  GPM,  when  operating. 

Well   F  pumped  approximately  236  GPM,  when  operating. 

Well  G  pumped  approximately  800  GPM,  when  operating. 

Well   H  pumped  approximately  400  GPM,  when  operating. 


Month 

Mo  Avg 

Mo  Avg 

Other 

Total 

Fract 

Fract 

Fract 

and 

GPM 

GPM 

Wells 

User 

G/H  on 

E  on 

E 

off 

Year 

A2 , B , C2 

E  on 

on 

Demand 

Jan. 78 

2143 

0 

D,F,G 

3750 

1  . 000 

0 

.  000 

1 

.000 

Feb. 78 

2157 

0 

D,F,G 

3771 

1  . 000 

0 

.  000 

1 

.000 

Mar . 78 

2  234 

0 

D,  F,G 

3806 

0.181 

0 

.  000 

1 

.  000 

D,  F,  H 

0.587 

0 

.  000 

1 

.000 

D, F,G,H 

0.232 

0 

.000 

1 

.000 

Apr .78 

2032 

0 

D,F,H 

3944 

0 .  200 

0 

.  000 

1 

.000 

D, F,G,  H 

0.  800 

0 

.000 

1 

.000 

May  78 

2067 

688 

D,F,G,H 

4160 

1  . 000 

0 

.013 

0 

.987 

June78 

2060 

611 

D, F,G, H 

4729 

0.993 

1 

.000 

0 

.000 

July 

2164 

625 

D, F,G,  H 

4847 

1  . 000 

1 

.000 

0 

.000 

Aug .78 

2074 

563 

D,F,G,H 

4292 

1 .000 

0 

.287 

0 

.713 

Sep .  78 

2150 

0 

D,  F,G 

4  1  94 

0  .020 

0 

.000 

1 

.000 

D,F,G,H 

0.980 

0 

.  000 

1 

.000 

Oct . 78 

1824 

0 

D,F/G 

3875 

0.010 

0 

.000 

1 

.  000 

D, F,G, H 

0.990 

0 

.000 

1 

.000 

Nov. 7  8 

1838 

0 

D,  F,G 

3889 

0.003 

0 

.  000 

1 

.000 

D, F,G, H 

0 . 997 

0 

.  000 

1 

.000 

Dec . 78 

2067 

535 

D, F,G  ,  H 

4125 

1  . 000 

0 

.655 

0 

.  345 

Jan  -  79 

1935 

0 

D,F,H 

4125 

0 . 003 

0 

.  000 

1 

.  000 

556 

D, F , G  ,  H 

0 . 997 

0 

.311 

0 

.689 

Feb . / 9 

2  199 

549 

D  ,  F  ,  G  ,  H 

4333 

1  . 000 

0 

.054 

0 

.946 

Mar .79 

1893 

569 

D,F,G,H 

4486 

1  .000 

1 

.000 

0 

.000 

Apr .79 

1664 

549 

D,F,G,H 

4201 

1  .000 

0 

.967 

0 

.033 

May  79 

1852 

458 

D, F,G, H 

4181 

0.700 

1 

.000 

0 

.000 

Well   D  pumped  approximately  690  GPM,  when  operating. 

Well   F  pumped  approximately  236  GPM,  when  operating. 

Well  G  pumped  approximately  800  GPM,  when  operating. 

Well   H  pumped  approximately  400  GPM,  when  operating. 
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TABLE  6.      INPUT  VARIABLES  FOR  THE  COMPUTER  MODELS 


Variable  Symbol         Typical  Value         Data  Error  Level 


Pipe  length 

L 

4200  ft. 

50  ft. 

Pipe  diameter 

D 

12  in. 

0 . 1   in . 

Pipe  connections 

none 

node  number 

none 

Pipe  roughness 

C 

80 

40 

Node  water  demand 

Qd 

181  gal./min. 

60  gal./min 

Node  elevation 

z 

161  ft. 

1  ft. 

Reservoir  level 

z 

312  ft. 

1  ft. 

Pump  flow  rate 

°p 

600  gal./min. 

6  gal . /min . 

Pump  total  head 

H 

P 

264  ft. 

3  ft. 

Well  water  level 

z 

40  ft. 

2  ft. 

Check  valve  sites 

none 

pipe  number 

none 

Pollutant  Cone. 

P 

0.58  ppm 

0.01  ppm 
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TABLE  7.      ROUGHNESS  COEFFICIENT  SENSITIVITY  ANALYSIS. 

RANDOM  AND  SYSTEMATIC  CHANGES   IN   "C"    AND  THEIR 
AFFECTS   ON  THE   EXPOSURE  INDEX  FOR   OCTOBER,  1974. 


Pipe 

Or  ig . 

Rand . 

Rand . 

Node 

Exp . 

Rand  . 

Rand  . 

Sys  . 

Sys . 

No. 

"C" 

Dif  f . 

Dif  f . 

* 

No. 

Index 

Dif  f . 

Dif  f  . 

Dif  f  . 

Dif  f 

No.  1 

No.  2 

♦ 
♦ 

No.  1 

No.  2 

1  .  25 

0.75 

1 

40 

-t-18 

-18 

* 

1 

0.00 

.00 

.00 

.00 

.00 

2 

40 

-17 

+  13 

* 

2 

0.00 

.00 

.00 

.00 

.00 

3 

90 

+  5 

-13 

♦ 

3 

0.00 

.00 

.00 

.00 

.00 

4 

90 

+  15 

+  9 

4 

0.00 

.00 

.00 

.00 

.00 

5 

90 

-  6 

+  17 

* 

5 

0.00 

^0 

.00 

.00 

.00 

6 

90 

+  10 

+  5 

♦ 

6 

0.00 

.00 

.00 

.00 

.00 

7 

80 

+  6 

+  13 

* 

7 

0.00 

.00 

.00 

.  00 

.00 

8 

80 

+  14 

-17 

♦ 

8 

0.00 

.00 

.00 

.00 

.00 

9 

40 

+  13 

-  5 

* 

9 

0.00 

.00 

.00 

.00 

.00 

10 

80 

+  3 

-  2 

* 

10 

0.00 

.00 

.00 

.00 

.00 

11 

50 

+  18 

+  11 

1 1 

0.00 

.00 

.00 

.00 

.00 

12 

40 

-16 

-  4 

* 

12 

0.00 

.00 

.00 

.00 

.00 

13 

90 

+  16 

+  10 

* 

13 

0.00 

.00 

.00 

.00 

.00 

14 

90 

+  8 

-  9 

* 

14 

0.00 

.00 

.00 

.00 

.00 

15 

90 

+  5 

-  3 

* 

15 

0.00 

.00 

.00 

.00 

.00 

16 

90 

0 

+  7 

♦ 

16 

0.00 

.00 

.00 

.00 

.00 

17 

90 

+  7 

+  10 

17 

0.00 

.00 

.00 

.00 

.00 

18 

80 

+  16 

-16 

♦ 

18 

0.00 

.00 

.00 

.00 

.00 

19 

40 

-18 

+  18 

* 

19 

0.00 

.00 

.00 

.00 

.00 

20 

40 

+  9 

+  13 

* 

20 

0.00 

.00 

.00 

.00 

.00 

21 

40 

-  3 

+  7 

* 

21 

0.00 

.00 

.00 

.00 

.00 

22 

40 

+  9 

-14 

♦ 

22 

0.00 

.00 

.00 

.00 

.00 

23 

40 

-14 

+  5 

23 

0.06 

-.02 

-.04 

-.02 

+  .03 

24 

40 

-  6 

-  7 

* 

24 

0.03 

-.02 

-.03 

-.01 

+  .01 

25 

40 

-  8 

+  12 

* 

25 

0.03 

-.02 

-.03 

-.01 

+  .01 

26 

40 

+  5 

-16 

* 

26 

0.15 

.00 

+  .01 

+  .01 

-  .01 

27 

40 

+  8 

+  12 

* 

27 

0.00 

.  00 

.00 

.00 

.00 

28 

80 

-  3 

+  16 

* 

28 

0.02 

.00 

+  .01 

.00 

-  .01 

29 

80 

-14 

+  9 

* 

29 

0.02 

.00 

+  .01 

.  00 

-.01 

30 

80 

-  8 

-13 

♦ 

30 

0.00 

.00 

.00 

.00 

.00 

31 

80 

+  4 

0 

* 

31 

0.00 

.00 

.00 

.00 

.00 

32 

90 

-18 

-  3 

* 

32 

0.16 

.00 

-.05 

-.03 

+  .02 

33 

40 

-14 

+  7 

* 

33 

0.44 

+  .02 

-.04 

-  .  04 

+  .02 

34 

90 

-  6 

-  3 

* 

34 

0.45 

+  .27 

+  .02 

-.07 

+  .06 

35 

90 

-  8 

-17 

* 

35 

0.99 

.00 

.00 

.00 

.00 

36 

90 

+  15 

+  15 

* 

36 

0.99 

.00 

.00 

.00 

.00 

37 

120 

-  6 

+  17 

* 

38 

0.99 

.00 

.00 

.  00 

.00 

38 

40 

-  1 

+  10 

* 

39 

1  .00 

.00 

.00 

.  00 

.00 

39 

50 

-16 

-  2 

* 

40 

0.87 

-.04 

-  .01 

-  .01 

.00 

40 

120 

+  14 

+  9 

* 

41 

0.99 

.00 

.00 

.  00 

.00 

41 

60 

+  12 

+  15 

42 

1  .00 

.  00 

.00 

.00 

.00 

42 

60 

+  8 

+  17 

43 

1  .00 

.00 

.00 

.00 

.00 

43 

60 

-  3 

+  2 

* 

44 

1  .00 

.00 

.00 

.00 

.00 

44 

60 

-13 

+  12 

* 

45 

1  .00 

.00 

.00 

.00 

.00 

45 

50 

-  4 

-  5 

* 

46 

0  .61 

+  .04 

+  .03 

.  00 

-.02 

46 

60 

-12 

+  5 

* 

47 

0.64 

.00 

.00 

.  00 

-  .05 

^8 


P  A  n  H 

Rand. 

* 

il/ A  p  . 

p    n  H 

Rand 

Sys  . 

^  V 

No. 

Dif  f . 

Dif  f . 

* 

No. 

Index 

Dif  f  . 

Dif  f  . 

Dif  f . 

Dif  f . 

No.  1 

No.  2 

★ 
* 

No.  1 

No  .  2 

1  .25 

0.75 

47 

60 

+  15 

+  11 

4  8 

0 . 90 

.  00 

,  00 

+ .  02 

-  02 

49 

40 

+  14 

+  18 

* 

49 

0.99 

.  00 

.  00 

.  00 

00 

50 

40 

-  4 

-13 

* 

50 

0 . 99 

.  00 

.  00 

.  00 

.  00 

51 

50 

+  12 

-  9 

* 

5 1 

1  . 00 

.  00 

.  00 

•  00 

00 

52 

120 

+  17 

+  2 

* 

52 

0 . 90 

.  00 

.  00 

+  .  02 

-  02 

53 

120 

+  16 

- 1  2 

* 

53 

0 . 90 

.  00 

.  00 

+ .  02 

-  02 

54 

80 

+  4 

-  6 

* 

54 

0.98 

.  00 

.  00 

.  00 

00 

55 

120 

+  3 

+  1 

* 

55 

0.91 

.  00 

+  .  01 

+  .  02 

-  02 

56 

80 

_  2 

+  7 

♦ 

56 

0.99 

.  00 

.  00 

.  00 

00 

57 

80 

_  5 

+  1 

♦ 

57 

1  . 00 

.  00 

.  00 

.  00 

.  00 

58 

110 

0 

+  18 

* 

58 

1  . 00 

.  00 

.  00 

.  00 

.  00 

59 

50 

_  1 

- 1  4 

61 

0.91 

.  00 

+ .  01 

+ .  02 

-  02 

60 

1  00 

-  6 

+  1 

* 

62 

0.22 

.  00 

.  00 

+ .  01 

-  01 

•  \^  X 

6 1 

1 00 

+  17 

-  8 

* 

63 

0.22 

-  00 

.  00 

+ .  01 

-  01 

•  ^  X 

62 

100 

_  5 

+  18 

• 

64 

0 . 30 

-  .  02 

+  .02 

+ .  01 

-  01 

63 

50 

+  11 

+  10 

* 

65 

0 . 30 

-  .  02 

+ .  02 

+  .01 

-  .  01 

64 

80 

+  14 

+  15 

* 

66 

0.91 

.  00 

.  00 

+ .  02 

-  .  02 

65 

90 

-12 

0 

* 

67 

0.30 

-  .  02 

+ .  02 

+ .  01 

-.01 

66 

90 

0 

_  5 

* 

68 

0.29 

- .  01 

+  .01 

+  .01 

-  .  01 

67 

90 

+  15 

+  7 

69 

0.30 

-  .  02 

+ .  02 

+ .  01 

-  .  01 

68 

90 

+  14 

+  17 

♦ 

70 

0 .  30 

-  .  02 

+ .  02 

+  .01 

-  •  01 

69 

90 

-  4 

-  6 

♦ 

7 1 

0 . 00 

.  00 

.  00 

.  00 

.  00 

70 

110 

+  9 

+  7 

72 

0 . 00 

.  00 

.  00 

.  00 

.  00 

71 

90 

+  9 

- 1  8 

* 

72 

1 00 

-16 

X  \J 

+  7 

-* 

73 

110 

- 1 3 

+  2 

* 

Exposure  Index 

and  Differences 

74 

110 

-12 

+  6 

* 

N  = 

69 

75 

50 

-  8 

- 1 6 

* 

AVG  = 

0.392 

.ao2 

.000 

.  000 

-.002 

76 

40 

+  12 

+  4 

* 

S  = 

0.433 

.034 

.013 

.013 

.013 

77 

110 

+  14 

+  14 

• 

78 

110 

_  7 

+  8 

* 

79 

110 

+  10 

+  3 

* 

80 

120 

- 1 1 

+  9 

♦ 

81 

110 

+  10 

+  1 

♦ 

Pioe 

Rouqhness 

Coef  f  icient 

82 

110 

+  13 

+  6 

* 

Or  ig . 

Rand  . 

Rand  . 

86 

110 

_  5 

+  12 

♦ 

"C 

n 

Dif  f . 

Dif  f  . 

87 

80 

+  4 

+  6 

* 

No . 

1 

No.  2 

88 

100 

+  15 

0 

* 

N  = 

98 

89 

80 

+  16 

- 1  4 

* 

Avg  . 

=  81  . 

3 

1  . 

5 

2  .  1 

90 

1  20 

_  9 

- 1  6 

* 

S 

=  27. 

4 

10  . 

8 

10.4 

91 

120 

0 

+  10 

♦ 

92 

90 

+  8 

_  9 

* 

93 

90 

+  2 

-  6 

94 

90 

-16 

0 

* 

95 

120 

_  1 

- 1  2 

♦ 

96 

80 

-10 

+  5 

* 

97 

80 

-15 

_  5 

* 

98 

120 

+  12 

0 

* 

99 

120 

_  5 

-  8 

* 

100 

120 

+  1 

+  14 

* 

101 

120 

-12 

+  1  1 

* 

102 

120 

+  14 

+  1 

♦ 

TABLE  8. 


1980  WATER  LEAKAGE  SURVEY  FINDINGS 


Mnd p   No  . 

No. 

of  Leaks  GPM 

(est 

. /repa  i  red ) 

1 

14 

service 

140 

/ 

30 

3 

4 

service 

40 

/ 

20 

g 

3 

main, 8  ser. 

140 

/ 

60 

7 

3 

service 

30 

/ 

20 

a 
o 

1 

service 

1  0 

/ 

10 

q 

3 

service 

30 

/ 

20 

1  1 

X  X 

1 

misc , 1  ser . 

I  5 

/ 

5 

1  7 

J.  / 

1 

hydrant 

3 

/ 

0 

1  9 

1 

main, 7  ser. 

90 

/ 

30 

20 

1 

hydrant 

3 

/ 

0 

22 

1 

service 

10 

/ 

0 

23 

2 

service 

20 

/ 

10 

24 

1 

service 

10 

/ 

0 

1  main, 3  ser,l  hyd . 

53 

/ 

20  . 

30 

2 

main, 2  ser. 

60 

/ 

30 

36 

1 

hydrant 

3 

/ 

3 

39  1 

ma  in , 1 

hyd ,1   ser , 1  misc. 

63 

/ 

60 

40 

1 

service 

10 

/ 

0 

41 

1 

service 

10 

/ 

0 

42 

1 

service 

1 0 

/ 

10 

44 

1 

hydrant 

3 

/ 

0 

46 

1 

service 

1  0 

/ 

1 0 

48 

1 

service 

10 

/ 

0 

57 

1 

hydrant 

3 

/ 

3 

62 

1 

service 

10 

/ 

10 

63 

3 

service 

30 

/ 

30 

65 

1 

service 

10 

/ 

0 

66 

2 

service 

20 

/ 

10 

68 

1 

service 

10 

/ 

10 

Totals .... 

.866 

/ 

401 

loo 


TABLE   9.      PEAKING   FACTOR  ANALYSIS. 
Week:  6/21/70-6/27/70. 

Four  Hour  Pattern   (8  AM/PM,   peak/valley)    *     Eight  Hour 

* 


Days 

-Mid 

4  AM 

8  AM 

Noon 

4 

PM 

8  PM 

+Mid 

* 

■k 

Max . 

Min . 

Sun 

0.91 

0.81 

0  .95 

1 

.29 

1 

.  14 

0.99 

0  .82 

1  .22 

0.85 

Mon 

0 .  76 

0 .  74 

1  -  03 

1 

.18 

1 

.  1  2 

1.13 

0 .  82 

* 

1.15 

0 . 74 

Tues 

0.80 

0.73 

1.01 

1. 

78 

1 

.  14 

1.12 

0.77 

* 

1.21 

0 .  77 

Wed 

0.77 

0.69 

1  .03 

1 

.26 

1 

.  20 

1  .09 

0.73 

* 

1  .24 

0.73 

Thur 

0  .  74 

0.72 

1  .00 

1 

.18 

1 

.17 

1  .17 

0.78 

* 

1  .18 

0.73 

Fri 

0  .  87 

0.  84 

1.14 

1 

.19 

1 

.01 

1  .00 

0.88 

■k 

1  .19 

0  .86 

Sat 

X 

X 

X 

X 

Y 

y\ 

Y 

A. 

Y 

* 
♦ 

Y 

Y 

N  = 

6 

6 

6 

6 

6 

6 

6 

♦ 

6 

6 

Avg  = 

0.61 

0.76 

1  .03 

1 

.23 

1 

.  13 

1  .08 

0.  80 

* 

1  .20 

0.78 

s  = 

0.07 

0.06 

0.06 

0 

.05 

0 

.07 

0.07 

0  .05 

* 

0.03 

0.06 

Week : 

12/15/74-12/21/7^ 

. 

Four 

Hour  Pattern(6: 

30 

AM/PM, 

peak/ 

vally) 

♦ 
* 

Eight 

Hour 

Days 

3  AM 

5.5  AM  10 

AM 

2 

PM 

6. 

5  PM 

11  PM 

■k 
•k 

Max. 

Min . 

Sun 

0.67 

0.65 

1  . 

39 

1  . 

19 

1 

.  10 

0  .85 

■k 

1  . 29 

0 . 77 

Mon 

0.61 

1  .03 

1  . 

37 

1  . 

09 

1 

.07 

0.79 

* 

1  .23 

0.71 

Til  £x  cr 

0.65 

0.95 

1  . 

3  D 

1  . 

09 

1 

.04 

0.82 

It 

1  .22 

0.73 

Wed 

0.65 

1  .07 

1  . 

Oo 

1  . 

07 

X 

.08 

0.  84 

* 

1.18 

0.76 

Thur 

0.71 

1.02 

1  . 

2  3 

1  . 

1 1 

1 

.  13 

0  .35 

■k 

1  .17 

0.76 

Fri 

X 

X 

X 

X 

X 

X 

♦ 

X 

X 

Sat 

0.70 

0.87 

1  . 

27 

1  . 

12 

1 

.  10 

0 . 90 

♦ 
* 

1  . 20 

0.78 

N  = 

6 

6 

6 

6 

6 

6 

•t 

6 

6 

Avg  = 

0.66 

0.93 

1  . 

28 

1  . 

1 1 

1 

.09 

0.84 

k 

1  .22 

0.75 

s  = 

0.04 

0.16 

0. 

12 

0. 

04 

0 

.03 

0.04 

k 

0  .04 

0  .03 

Week : 

10/30/83-11/5/83. 

Four 

Hour  Pattern 

(6 

AM/PM,  peak/valley) 

■k 
■k 

Eight 

Hour 

Days  - 

■1 1PM 

3  AM 

6  AM 

9 

AM 

1 

PM 

6  PM 

1 1PM 

k 

* 

Max . 

Min. 

Sun 

X 

X 

X 

1  . 

11 

1  - 

14 

0.98 

0.79 

k 

1.12 

X 

Mon 

0.79 

0.77 

1  .00 

1  . 

41 

1  - 

12 

X 

X 

k 

1  .27 

0-78 

Tues 

X 

X 

X 

X 

1  . 

17 

1  .08 

0.82 

k 

X 

X 

Wed 

0  .82 

0.71 

0.99 

1  . 

19 

1  . 

06 

1  .04 

0.77 

k 

1.13 

0.76 

Thur 

0.77 

0  .76 

0.94 

1  . 

16 

1  . 

00 

0.96 

1  .03 

k 

1.11 

0.77 

Fri 

1  .03 

1  .03 

1  .03 

1  . 

13 

1  . 

09 

1  .01 

0.  84 

k 

1  .00 

1  .00 

Sat 

0-84 

0.87 

1  .06 

1  . 

14 

1  . 

19 

1  .06 

X 

* 
* 

1.16 

0.87 

N  = 

5 

5 

5 

6 

7 

6 

5 

k 

6 

5 

Avg  = 

0.85 

0-83 

1  .00 

1  . 

19 

1  . 

1  1 

1  .02 

0  .85 

k 

1.13 

0  .84 

s  = 

0.10 

0.13 

0.05 

0  . 

1 1 

0  . 

07 

0.05 

0.10 

k 

0.09 

0.  10 

(Oi 


TABLE    ICL    GREAT  OAKS   FLUORIDE  VALIDATION  RESULTS 


TEST 

NODE 

RAW 

BASE 

OBSERVED 

COMPUTER 

SCALED 

PREDICTION 

NO. 

NO. 

DATA 

LEVEL 

INJECTION 

PREDICTION 

PREDICTION 

MINUS 

PPM 

PPM 

CONC. -PPM 

CONC. -PPM 

CONC. -PPM 

OBSERVED 

101 

136 

1.55 

.19 

1.  36 

2.  00 

1.51 

.15 

102 

136 

1.55 

.19 

1.36 

2.00 

1.51 

.15 

103 

108 

0.85 

-19 

0.66 

1.08 

0.82 

.16 

104 

134 

1.48 

.19 

1.29 

1.58 

1.  19 

-.10 

105 

99 

1.46 

.19 

1.27 

1.40 

1.05 

-.22 

106 

114 

0.  19 

.19 

0.00 

0. 

0. 

.06 

107 

106 

0. 18 

.19 

-0,  01 

1.08 

0.  82 

.83* 

108 

118 

0.  18 

.19 

-0.01 

0. 

0. 

.01 

109 

121 

0.17 

.19 

-0.02 

0. 

0. 

.02 

110 

112 

0.18 

.19 

-0.01 

0. 

0. 

.01 

111 

113 

0.  17 

.19 

-0.02 

0. 

0. 

.02 

112 

110 

0.21 

.19 

0.02 

0. 

0. 

-.02 

113 

117 

0.19 

.19 

0.00 

0. 

0. 

.00 

114 

120 

0. 19 

.19 

0.00 

0. 

0. 

.00 

115 

123 

0.  18 

.19 

-0,01 

0. 

0. 

.01 

116 

109 

0.  18 

.19 

-0.01 

1.08 

0.82 

.83 

117 

111 

0.  19 

.19 

0.00 

0. 

0. 

.00 

118 

99 

1.61 

.19 

1.  42 

1 .  40 

1.05 

-.37 

119 

105 

1.  59 

.19 

1.  40 

1.08 

0.  82 

-.58* 

120 

104 

0.26 

.19 

0.  07 

0.88 

0.  66 

.59 

121 

98 

0.  20 

.19 

0.01 

1.  12 

0.84 

.83 

122 

91 

1.15 

.19 

0.96 

1.  12 

0.84 

-.12 

123 

89 

1.  15 

.19 

0.96 

1. 12 

0.84 

-.12 

124 

88 

1.41 

.19 

1.22 

1.  35 

1.02 

-.20 

125 

87 

1.  19 

.19 

l.OC 

1. 16 

0.88 

-.12 

126 

101 

0.19 

.19 

0.00 

0.  88 

0.66 

.66 

127 

102 

0.19 

.19 

0.00 

0.31 

0.23 

.23 

128 

103 

0.  80 

.19 

0.61 

0.  88 

0.  66 

.05 

129 

100 

0.  66 

.19 

0.  47 

0,  88 

0.66 

.19 

130 

101 

0.21 

.19 

0.02 

0.88 

0.  66 

.64 

131 

97 

0.  85 

.19 

0.66 

1.  12 

0.84 

.18 

132 

96 

0.  68 

.19 

0.49 

1.09 

0.  82 

.33 

133 

95 

0.41 

.19 

0.22 

1 .01 

0.  76 

.54 

134 

93 

0.  79 

.19 

0.  60 

1. 10 

0.  83 

.23 

135 

92 

1.07 

.19 

0.  88 

1.12 

0.  84 

-.04 

136 

87 

1.  20 

.19 

1.01 

1.  16 

0.  88 

-.13 

137 

86 

1.  16 

.19 

0.  97 

0.  87 

0.66 

-.31 

138 

86 

1.  15 

.19 

0.96 

0.87 

0.  66 

-.30 

139 

85 

0.  52 

.19 

0.33 

1 .  01 

0.76 

.43 

140 

73 

0.38 

.19 

0.19 

1.01 

0.76 

.57 

141 

84 

1.  32 

.19 

1.13 

1.16 

0.  88 

-.25 

142 

83 

1.  18 

.19 

0.99 

0.28 

0.21 

-.78 

143 

68 

1 .  29 

.19 

1  .  10 

0.28 

0.21 

-.89 

144 

74 

0.  20 

.19 

0.01 

0. 

0. 

-.01 

145 

77 

1.21 

.19 

1.02 

0.60 

0.45 

-.57 

1  46 

69 

0.91 

.19 

0.  72 

0.61 

0.46 

-.26 

147 

114 

0.21 

.19 

0.02 

0. 

0. 

-.02 

148 

133 

0.21 

.21 

0.00 

0. 

0. 

.00 

149 

128 

0.21 

.21 

0.  00 

0. 

0. 

.00 

150 

1  25 

0.  20 

.  2  1 

-0.01 

0. 

0. 

.01 

INVAf^ID 


TEST 

NODE 

RAW 

BASE 

OBSERVED 

NO. 

NO. 

DATA 

LEVEL 

INJECTION 

PPM 

PPM 

CONC.-PPM 

201 

72 

0.  46 

.19 

0.27 

202 

71 

0.81 

.19 

0.62 

203 

70 

0.42 

.19 

0.23 

204 

65 

0.40 

.19 

0.21 

205 

66 

0.32 

.19 

0.13 

206 

67 

0.19 

.19 

0.00 

207 

64 

0.20 

.19 

0.01 

208 

62 

0.18 

.19 

-0.01 

209 

60 

1.08 

.19 

0.89 

210 

61 

0.  88 

.19 

0.  69 

211 

63 

0.19 

.19 

0.00 

212 

57 

1.03 

.19 

0.84 

213 

51 

0.35 

.19 

0.16 

214 

47 

0.55 

.19 

0.36 

215 

39 

0.24 

.21 

0.03 

216 

42 

6.23 

.21 

0.02 

217 

45 

0.20 

.21 

-0.01 

218 

34 

0.20 

.21 

-0.01 

219 

32 

0.21 

.21 

0.00 

220 

15 

0.23 

.21 

0.02 

221 

24 

0.18 

.21 

-0.03 

222 

28 

0.19 

.21 

-0.02 

223 

18 

0.20 

.21 

-0.01 

224 

21 

0. 18 

.21 

-0.03 

225 

20 

0,19 

.21 

-0.02 

226 

12 

0.20 

.21 

-0.01 

227 

8 

0.22 

.21 

0.01 

228 

9 

0.22 

.21 

0.01 

229 

3 

0.23 

.21 

0.02 

230 

16 

0.23 

.21 

0.02 

231 

17 

0.23 

.21 

0.02 

CHECK  VALUES  -  BASE  LEVELS 


WELL 

A 

B 

C 

7 

0.18 

0.18 

0.15 

9 

0.24 

0.24 

0-19 

12 

0.18 

0.18 

0.17 

15 

0.20 

0-20 

0.17 

16 

0.17 

0.17 

0.15 

CHECK  VALUES  -  TEST  LEVELS 


TEST  NO. 

A 

B 

C 

112 

0, 

21 

0 

.20 

0. 

16 

117 

0, 

19 

0 

.19 

0. 

14 

121 

0. 

20 

0 

.20 

0. 

15 

131 

0. 

83 

0 

.85 

D. 

63 

133 

0. 

41 

0 

.42 

0. 

27 

143 

1, 

29 

1 

.30 

0. 

93 

212 

1. 

03 

1 

.04 

0. 

72 

214 

0 

55 

0 

.55 

0. 

35 

COMPUTER         SCALED  PREDICTION 

PREDICTION     PREDICTION  MINUS 

CONC.-PPM       CONC.-PPM  OBSERVED 

1.01  0.76  .49 

0.84  0.64  .02 

0.86  0.65  .42 

0.86  0.65  .44 

0.86  0.65  .52 

0.85  0.64  .64* 

0.65  0.49  .48* 

0.52  0.39  .40* 

0.52  0.39  -.50 

0.52  0.39  -.30 

0.52  0.39  .39* 

0.52  0.39  -.45 

0.12  0.09  -.07 

0.  0.  -.36 

0.  0.  -.03 

0.19  0.14  .12 

0.23  0.17  .18 

0.01  0.01  .02 

0.  0.  .00 

0.  0.  -.02 

0.17  0.13  .16 

0.01  0.01  .03 

0.01  0.01  .02 

0.17  0.13  .16 

0.17  0.13  .15 

0.  0.  .01 

0.  0.  -.01 

0.  0.  -.01 

0.                 '  0.  -.02 

0.  0.  -.02 

0.01  0.01  -.02 


N  =  74 
AVERAGE=0.  0  3 
ROOT  MEAN  SQUAR£=0.31 


PREDICTION  MINUS  OBSERVED 
ERROR  BANDS 


ERROR  NUMBER  PERCENT 

RANGE  IN  RANGE 

<t0.2  47  64 

<t0.2  54  73 

<±0,5  64  86 
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TABLE   11.    WOBURN  FLUORIDE  VALIDATION  RESULTS  (3) 


Observed  Concentration  Second 


Site 

Lawrence 

UMASS 

Dif  f  . 

Predict . 

Dif  f 

(ppm) 

( ppm) 

(ppm) 

Well  E 

0 

058 

0 

.  06 

0 

.  00 

0 

.  07 

- 

.01 

2  Arlington 

0 

064 

0 

.  07 

— 

.01 

0 

07 

- 

.01 

Booster  Pump 

0 

059 

0 

.  07 

— 

.01 

0 

07 

- 

.01 

Elm  S.  West 

0 

468 

0 

.48 

- 

.01 

0 

.08 

0 

.41 

Rag  Rock  Tank 

n 

0 

.  14 

0 

.00 

0 

07 

0 

.07 

14  Bedford 

n 

088 

0 

.  08 

0 

.01 

0 

07 

0 

.02 

Mishavum  &  Garden 

0 

916 

0 

98 

- 

.04 

1 

X 

07 

- 

.13 

Main  &  Clinton 

0 

?  10 

0 

2  3 

0 

.00 

0 

07 

0 

.16 

Cedar  &  Washington 

0 

976 

I 

05 

- 

.07 

1 

07 

- 

.09 

14  Cedar 

1 

010 

1 

1.  < 

0  1 

0 

.00 

1 

07 

- 

.05 

N  Boston  &  N  Indust 

0 

.  160 

0 . 

16 

0 

.00 

0 

.51 

- 

.35 

204  Salem 

0 

955 

1  . 

00 

— 

.03 

1 

.  07 

- 

.10 

Booster  Pump  entry 

0 

080 

0 . 

07 

0 

.01 

0 

.  07 

0 

.01 

DO  Garfield 

0  . 

994 

1 . 

05 

— 

.06 

0 

.  07 

0 

.92 

55  Bedford 

0  . 

148 

0 . 

1  5 

0 

.00 

0 

.  07 

0 

.08 

369  Washington 

0  . 

510 

0  . 

66 

— 

.05 

1 

.  07 

•- 

.45 

44  Beach 

0  . 

551 

0  . 

53 

0 

.02 

0 

.51 

0 

.  04 

Id  1  bcnool 

0  . 

810 

0  . 

80 

0 

.01 

0 

.  18 

0 

.53 

iju  nontvaie 

1  . 

010 

0  . 

97 

0 

.  04 

1 

.  07 

— 

.  06 

Washington&Montvale 

1  . 

42 

1 . 

50 

— 

.  08 

1 

.  07 

0 

.35 

oy  nontvaie 

0 . 

854 

0  . 

32 

0 

.03 

1 

.  07 

— 

.22 

D / b  Ma  1 n 

0 . 

195 

0 . 

18 

0 

.02 

0 

.  07 

0 

.13 

na 1 n&Ml do 1 esex  can 

0 . 

152 

0 . 

17 

— 

.01 

0 

.07 

0 

.09 

oeacn 

0  . 

792 

0 . 

76 

0 

.03 

0 

.51 

0 

.28 

o  /  ui ymp 1 a 

0 . 

170 

0 . 

16 

0 

.01 

1 

.  07 

— 

.  90 

2  Merrimac 

0  . 

554 

0 . 

58 

— 

.03 

0 

.  5 1 

0 

.  04 

15  Wyman 

0  . 

1 54 

0 . 

1  6 

0 

.00 

0 

.  07 

0 

.  09 

4du  wiidvood 

0  . 

966 

0 . 

94 

0 

.03 

1 

.  07 

— 

.10 

Wei  1  r 

0  . 

076 

0 . 

06 

0 

.02 

0 

.  07 

0 

.01 

Forest  Park 

0  - 

380 

0 . 

38 

0 

.00 

0 

.  17 

0 

.21 

z  1  Cl  mton 

0 . 

200 

0 . 

2 1 

— 

.01 

0 

.  07 

0 

.13 

i  z  Air  red 

0  . 

216 

0 . 

22 

0 

.  00 

0 

.  1  7 

0 

.05 

i  i  u  rea r 1 

0 . 

194 

0 . 

19 

0 

.00 

0 

.08 

0 

-  1 1 

9  Fovle 

0 . 

107 

0  . 

1 0 

0 

.01 

0 

-  07 

0 

.04 

D  o  wa  t e  r 

0  . 

055 

0 . 

07 

0 

.  00 

0 

.  07 

0 

.  00 

z  z  rjov 

0  . 

978 

1  . 

10 

— 

.  1  2 

1 

.  07 

— 

.09 

iu  nontvaie 

0  . 

314 

0  . 

35 

— 

.  04 

0 

-07 

0 

.  24 

0  . 

970 

1 . 

13 

— 

.  16 

0 

.60 

0 

.  37 

0. 

910 

0. 

92 

.  0 1 

1 

.07 

.  1  5 

0. 

056 

0. 

08 

.01 

0 

.07 

0 

.00 

15  Fovle 

0  . 

954 

1 . 

04 

.09 

0 

.07 

0 

.88 

Montvale  &  Green 

0  . 

974 

1 . 

02 

.05 

1 

.07 

.  10 

Central  &  Utica 

1 . 

00 

1 . 

04 

.04 

1 

.07 

.07 

69  Wood 

1 . 

02 

1 . 

06 

.04 

1 

.07 

.05 

15  Auburn 

1 . 

00 

1 . 

10 

.  10 

1 

.07 

.07 

lOB  Arlington 

0  . 

085 

0  . 

07 

0 

.01 

0 

.07 

0 

.01 

Ob«^  p  rvp  H 

Concentration 

r*on  H 

O  ^  V_  V_/  1  i 

Site 

Lawrence 

UMASS 

Dif  f  . 

Predict . 

Dif  f 

( ppm) 

( DDm ) 

\  ST  XT  ' 

( ppm) 

Pleasant  &  Ellis 

0  060 

0 . 07 

-.01 

0  -  07 

-  01 

55  Salem 

0  434 

0.51 

-  .  08 

0  . 07 

0  36 

310  Main 

0  316 

0.37 

- .  05 

0 . 07 

0  25 

7  Green 

0  962 

1  .06 

- .  10 

0 . 07 

0  89 

Salem  &  Main 

0.220 

0.25 

- .  03 

0  .07 

0.15 

0  060 

0 . 06 

0  00 

0 . 07 

-  01 

S            T*  f  1  c;  /-> r> 

0  077 

0.10 

-  02 

0 . 07 

Main    &  Pl*»a<^ant" 

0  080 

0.08 

0 . 00 

0 . 07 

0  01 

117  Grppn 

0.978 

1  .03 

-  -05 

1  . 07 

Montvale  &  Washing 

1  .03 

1  .05 

-.02 

1  .07 

-.04 

Washington  &  Pine 

0.954 

1.10 

-.15 

1  .07 

-.12 

N=57 

AVG=-0.02 

AVG 

=  0.07 

s=  0.04  3=0.29 


PREDICTION  VS  OBSERVATION 

Linear  Regression: 

Y  =  A  X  +  B 

X  =  Lawrence  lab 
Y  =  Re -pred ict ion 


A  =  0.876 
B  =-0.0014 
r  =  0.778 


Error  Bands 


Error 
Range 

=  +  0.1 

=+0.2 

=+0.3 

=  +  0.5 


Number  Percent 
in  Range 


32 
41 
46 
52 


56 
72 
81 
91 


105- 


TABLE  12.     MONTHLV    AVERAGING    OROCESS    FOR    MAY.  1979. 


FRACTION  FRACTION  FRACTION 

Cm   on      =    .700  E    ON        =    1.000  E   OFF      =  0.000 


NODE 

EXO I NDX 

AVGEOFF 

MAXEOFF 

-  M I NEOF  F 

A VGEON 

MAXEON 

M I  NEON 

1 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0.000 

2 

0  .  000 

0.000 

0  .000 

0.000 

0  .  000 

3 

0  .  000 

0  .  000 

0  .000 

0  .  000 

0  .  000 

4 

0  .  000 

0  .  000 

0  .  000 

0.000 

0  .  000 

5 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

6 

0  .  000 

0  .  000 

0  .  000 

0.000 

0  .  000 

0  .  000 

0 

.  000 

7 

0  .  000 

0  .  000 

0  .  000 

.  002 

0.000 

0  .  000 

0 

.  000 

8 

0  .  000 

0  .  000 

0  .  000 

.  054 

0.  000 

0  .  000 

0 

.  000 

9 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0 

.  000 

10 

0.000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0 

.  000 

1  1 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0.000 

0.000 

0 

.  000 

1  2 

0  .  000 

0  .  000 

0  .  000 

0.000 

0  .  000 

0  .  000 

0 

.  000 

»3 

0.000 

0  .  000 

0  .000 

0  .  000 

0  .  000 

0  .  000 

0 

.  000 

15 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0.000 

0 

.  000 

1  7 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0.000 

0 

.  000 

18 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0 

.000 

19 

0  .  000 

0  .  000 

0  .000 

0  .  000 

0.000 

0  .  000 

0 

.  000 

20 

0  .  000 

0  .  000 

0.000 

0  .  000 

0  .  000 

0  .  000 

0 

.  000 

21 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0.000 

0.000 

0 

.  000 

22 

0  .000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0.000 

0 

.  000 

23 

.  005 

0  .000 

0  .  000 

.  056 

0.  000 

0.000 

.02  1 

24 

.  003 

0  .  000 

0.000 

.  056 

0.000 

0  .  000 

.012 

25 

.  003 

0  .  000 

0  .  000 

.  056 

0  .  000 

0.000 

.012 

26 

.  052 

0  .  000 

0.  000 

.  184 

0.000 

0.000 

.224 

27 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0.000 

0  .  000 

0 

000 

28 

0  .  000 

0  .  000 

0  .  000 

0.000 

0.000 

0.000 

0 

000 

30 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0.000 

0 

000 

3  1 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0.  000 

0 

000 

32 

.  087 

.108 

.  055 

.162 

.  1  24 

.067 

180 

33 

.248 

.314 

.  267 

.43  1 

.337 

.  284 

443 

34 

.175 

.215 

.  00  1 

.490 

.  253 

0  .  000 

496 

35 

.  68  7 

I  .  000 

.  899 

1  .  000 

1  .  000 

.  945 

1 

000 

36 

.  692 

1  .  000 

.937 

1  .  000 

1  .  000 

.966 

1 

000 

38 

.  690 

1  .  GOO 

.918 

1  .  000 

1  .  000 

.  955 

1 

000 

39 

.  700 

1  .  000 

1.000 

1  .  000 

1  .  000 

1  .  000 

1 

000 

40 

.  495 

.  690 

.37  1 

1  .  000 

.713 

.  407 

1 

000 

4  1 

.  700 

1.000 

1  .  000 

1  .  000 

1  .  000 

1  .  000 

1 

000 

42 

.  700 

1  .  000 

I  .  000 

1  .  000 

1  .  000 

1  .  000 

1 

000 

43 

.  700 

1  .  000 

1  .  000 

1  .  000 

1  .  000 

1  .  000 

1 

000 

44 

.  700 

1  .  000 

1  .  000 

1.000 

1  .  000 

1  .  000 

1  . 

000 

46 

.270 

.350 

.137 

.  882 

.  328 

.128 

699 

4  7 

.232 

0  .  000 

0.000 

1  .  000 

0  .000 

0  .  000 

995 

48 

.  540 

.862 

.5  23 

1  .  000 

.8  27 

.486 

1 

000 

49 

.  700 

1  .  000 

1.000 

I  .  000 

1  .  000 

1  .  000 

1  . 

000 

50 

.700 

1  .  000 

1  .  000 

1  .  000 

1  .  000 

1  .  000 

1  . 

000 

5  1 

.  700 

1  .  000 

1  .  000 

1  .  000 

1  .  000 

1  .  000 

1  . 

000 

5  2 

.540 

.862 

.523 

1  .  000 

.827 

.486 

1 

000 

53 

.540 

.862 

.523 

1  .000 

.827 

.486 

1  . 

000 

54 

.676 

.  985 

.925 

1  .  000 

.980 

.917 

1 

000 

55 

.546 

.880 

.53  1 

1  .  000 

.  849 

.  490 

1  . 

000 

56 

.  696 

.998 

.  988 

1  .  000 

.  997 

.  987 

1 

000 

5  7 

.  700 

1  .  000 

1  .  000 

1  .  000 

1  .  000 

I  .  000 

1 

000 

58 

.  700 

I  .000 

1  .  000 

1  .  000 

1  .  000 

1  .  000 

1  . 

000 

6  1 

.546 

.880 

.53  1 

1  .  000 

.849 

.  490 

1  . 

000 

62 

.  097 

.079 

.045 

.262 

.076 

.  042 

300 

63 

.  097 

.079 

.  045 

.262 

.076 

.  042 

300 

64 

.148 

.  1  70 

.  099 

.  349 

.  1  63 

.  09  1 

383 

65 

.  1  48 

.  1  70 

.  099 

.  349 

.  1  63 

.  09  1 

383 

66 

.54  2 

.870 

.527 

1.000 

.837 

.488 

1  . 

000 

6  7 

.148 

.170 

.  099 

.349 

.163 

.  09  1 

383 

68 

.137 

.  1  50 

.  087 

.  330 

.144 

.  080 

364 

69 

.  I  48 

.  1  70 

.  099 

.  349 

.163 

.  09  1 

383 

70 

.  1  48 

.  1  70 

.  099 

.  349 

.  1  63 

.  09  1 

383 

7  1 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  . 

000 

7  2 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0.000 

0  . 

000 

1  4 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  . 

000 

45 

.  700 

1  .  000 

1  .  000 

1  .  000 

1  .  000 

1  .  000 

1  . 

000 

1  6 

0.000 

0.000 

0.000 

0  .  000 

0  .  000 

0  .  000 

0  . 

000 

29 

0.000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  .  000 

0  . 

000 

\0(a 


TABLE    13.      1964-1969    EXPOSURE    INDEX    FOR    MONTHS   WHEN   WELLS   G   OR   M  WERE  PUMPING 


ONTH 

OCT  . 

NOV  . 

DEC  . 

DEC  . 

YEAR 

1  964 

1  9  64 

1964 

1  965 

NODE 

1 

.  00 

.  00 

.  00 

.  0  1 

2 

-  00 

.  00 

.  00 

.  0  1 

3 

.  00 

.  00 

.  00 

.  0  1 

4 

.  00 

.  00 

.  00 

.  0  1 

5 

.00 

.  00 

.00 

.  0  1 

6 

.  00 

.  00 

.  00 

.  00 

7 

.  0  1 

.  0  1 

.  0  1 

.  04 

8 

.  02 

.  02 

.02 

.  06 

9 

.  00 

'.  0  1 

.  0  t 

.  02 

1  0 

0.00 

0.00 

0 '.  00 

0  .  00 

1  1 

0.00 

0  .  00 

0  .00 

0  .  00 

1  2 

0.00 

0 .  00 

0 . 00 

0 .  00 

1  3 

0.00 

0  .  00 

0.00 

0.00 

t  4 

0.00 

0.00 

0.00 

0  . 00 

1  5 

0.00 

0.00 

0.00 

0  .  00 

1  6 

0.00 

0.00 

0.00 

0  .  00 

I  7 

0.00 

0.00 

0  .  00 

0  .  00 

1  8 

0 .  00 

0.00 

0.00 

0  .  00 

1  9 

0.00 

0  .  00 

0 .  00 

0  . 00 

20 

0 .  00 

0  .  00 

0 .  00 

0 .  00 

2  I 

0  . 00 

0  .  00 

0 .  00 

0  .  00 

2  2 

0  . 00 

0  .  00 

0 . 00 

0  . 00 

23 

.  05 

.  07 

.07 

.  10 

24 

.  04 

.  05 

.05 

.  I  0 

25 

.  05 

.  09 

.  1  0 

.  2  1 

26 

.  1  9 

.  2  1 

.  2  2 

.  29 

27 

0 .  00 

0  .  00 

0 .  00 

0  .  00 

28 

.  0  1 

.  0  1 

.02 

.  02 

29 

.  0  1 

.  0  1 

.  0  2 

.  02 

30 

0.00 

0.00 

0.00 

0.00 

3  1 

0  .  00 

0.00 

0  .  00 

0.00 

3  2 

I  3 

1  1 

1  3 

.  1  5 

33 

.  36 

.  3  1 

.  34 

.  4  2 

34 

.  1  8 

.  20 

.  22 

.  32 

35 

.  96 

.  76 

.  87 

.  9  7 

36 

.  97 

.  78 

.87 

.  97 

38 

.97 

.  78 

.  8  7 

.97 

39 

.  99 

.  78 

.  87 

.  97 

40 

.  89 

.  75 

.82 

.96 

4  1 

.  99 

.  78 

.87 

.97 

42 

.99 

.  78 

.87 

.97 

43 

.99 

.  78 

.  87 

.  97 

44 

.  99 

.  78 

.  87 

.97 

45 

.  99 

.  78 

.  87 

.97 

46 

.  77 

.  67 

.  72 

.  93 

47 

.  99 

.  78 

.86 

.  96 

48 

.  99 

.  7  8 

.  8  7 

.  97 

49 

.  99 

.  7  8 

.  87 

.  97 

50 

.  99 

.  7  8 

.  8  7 

.  9  7 

5  » 

.  99 

.  78 

.  87 

.  97 

52 

.  76 

.  62 

.  68 

.  78 

53 

.  85 

.  69 

.  7  6 

.  85 

54 

.  99 

.  78 

.  8  7 

.  97 

55 

.  8  5 

.  69 

.  76 

.  85 

58 

.  99 

.  78 

.  8  7 

.97 

6  1 

.  77 

.  63 

.  70 

.80 

62 

.  1  9 

.  2  1 

.  22 

.  29 

63 

.  1  9 

.  2  1 

.  22 

.  29 

64 

.  ?  9 

.  2  ! 

.  22 

.  29 

65 

.  1  9 

.  2  1 

.  2  2 

.  29 

66 

.  54 

.  46 

.  5  1 

.  60 

67 

.  1  9 

.  2  1 

.  22 

.  29 

68 

.  «  9 

.  2  1 

.  22 

.  29 

69 

.  19 

.  2  1 

.22 

.  29 

70 

.  19 

.  2  1 

.22 

.  29 

7  1 

0  .  00 

0  .00 

0.00 

0  .00 

72 

0  .  00 

0  .  00 

0.00 

0  .  00 
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TABLE  13.       1964-1969   EXPOSURE    INDEX   FOR    MONTHS   wmEn   wEllS   G   OR    H  WERE  PUMPING 


MONTH       JAN.        FEB.       MAR.        APR.  MAY 
YEAR       1966      1966      1966      1966  1966 
NODE 


1 

.  0  1 

.  0  1 

.  00 

0 

.  00 

0 

.  00 

2 

.  0  1 

.  0  1 

.  00 

0 

.  00 

0 

.  00 

3 

.  0  1 

.  0  1 

.  00 

0 

.  00 

0 

.  00 

4 

.  0  1 

.  0  1 

.  00 

0 

.  00 

0 

.  00 

5 

.  0  1 

.  0  1 

.  00 

0 

.  00 

0 

.  00 

6 

.  00 

.  00 

.  00 

0 

.  00 

0 

.  00 

7 

.  03 

.  03 

.  03 

0 

.  00 

.  00 

8 

.  06 

.06 

.  05 

.  02 

.  03 

9 

.  02 

.02 

.  0  1 

0 

.  00 

0 

.  00 

1  0 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

1  1 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

1  2 

0 

.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

1  3 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

1  4 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

1  5 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

1  6 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

1  7 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

1  8 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

1  9 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

20 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

2  1 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

22 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

23 

.  1  0 

.  09 

.  08 

.  03 

.  04 

24 

.  09 

.  09 

.  oa 

.  03 

.  04 

25 

.  1  9 

.  1  9 

.  1  9 

04 

.07 

26 

.  29 

.  28 

.  26 

1  5 

1  6 

27 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

28 

.  02 

.  0  1 

.  0  1 

0 

00 

0 

00 

29 

.  0  2 

.  0  1 

.  0  1 

0 

00 

0 

00 

30 

0 

.  00 

0 

00 

0 

00 

0 

00 

0 

00 

3  1 

0 

.  00 

0 

00 

0 

00 

0 

00 

0 

00 

3  2 

.  1  6 

1  5 

1  3 

1  1 

1  1 

33 

4  2 

4  1 

38 

3  2 

3  1 

34 

3  0 

28 

23 

1  0 

1  1 

35 

1 

00 

1 

00 

1 

00 

9  1 

3  7 

36 

1 

00 

1 

00 

1 

00 

94 

90 

38 

1 

00 

1 

00 

1 

00 

93 

88 

39 

1 

00 

1 

00 

1 

00 

1  . 

00 

95 

40 

99 

98 

9  6 

8  2 

8  2 

4  1 

1  . 

00 

1  . 

00 

1 

00 

1  . 

00 

95 

42 

1  . 

00 

1  . 

00 

1  . 

00 

1  . 

00 

95 

43 

1  . 

00 

1  . 

00 

1  . 

00 

1  . 

00 

95 

44 

1  . 

00 

1  . 

00 

1  . 

00 

1  . 

00 

95 

45 

1  . 

0  0 

1  . 

00 

1  . 

00 

1  . 

00 

95 

4  O 

9  5 

9  5 

95 

68 

70 

4  7 

1  . 

0  0 

1  . 

0  0 

1  . 

00 

6  7 

68 

48 

1  . 

0  0 

1  . 

0  0 

1  . 

00 

99 

95 

49 

1  . 

00 

1  . 

0  0 

1  . 

00 

1  . 

00 

95 

SO 

t  . 

0  0 

1  . 

00 

1  . 

00 

1  . 

00 

95 

C  1 

1  . 

0  0 

1  . 

0  0 

1  . 

00 

1  . 

00 

95 

c  t 

8  0 

7  9 

7  9 

7  4 

7  1 

3  J 

8  8 

8  8 

8  7 

8  4 

80 

3  4 

1  . 

00 

1  . 

0  0 

1  . 

00 

1  . 

00 

95 

3  3 

8  8 

8  8 

8  7 

84 

80 

3a 

1  . 

0  0 

1  . 

00 

1  . 

00 

1  . 

00 

95 

D  1 

8  2 

8  1 

8  0 

75 

7  2 

D  ^ 

2  9 

2  8 

26 

t  5 

1  6 

63 

7  a 
X  o 

z  o 

I  3 

1  o 

64 

29 

28 

26 

15 

1  6 

65 

29 

28 

26 

I  5 

16 

66 

60 

60 

59 

5  I 

49 

67 

29 

28 

26 

15 

1  6 

68 

29 

28 

26 

1  5 

1  6 

69 

29 

28 

26 

15 

1  6 

70 

29 

28 

26 

1  5 

\  6 

7  1 

0  '. 

00 

0  . 

00 

0  . 

00 

0  '. 

00 

0  '. 

00 

7  2 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

JUNE 

JULY 

AUG  . 

SEP  . 

OCT  . 

NOV  . 

DEC  . 

1  966 

1966 

1  966 

1966 

1966 

1966 

1966 

0.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

.  0  0 

0  .  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

.  00 

0.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

.  00 

0.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

.  00 

0.00 

0 

.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

.  00 

0  .  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

.  00 

Q  .  UU 

0 

.00 

0 

.  00 

0 

.  00 

.  00 

.  00 

.  0  1 

0 

.  00 

0 

.  00 

.  0  1 

.  02 

.  0  1 

.  03 

O  .  u  U 

0 

.  00 

0 

.  00 

0 

.  00 

.  00 

0 

.  00 

.  0  1 

o  Art 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0  .  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0  .  00 

0 

.  00 

0 

.  00 

0 

.00 

0 

.  00 

0 

.  00 

0 

00 

0  .  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0  .  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

0  0 

0.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0  . 

0  0 

0.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0  . 

00 

0.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0  . 

00 

0.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0  . 

0  0 

0.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0  . 

00 

.  0  1 

0 

.  00 

0 

.  00 

.02 

.  04 

.  02 

0  6 

.  0  1 

0 

.  00 

0 

.  00 

.  02 

.  03 

.  0  2 

05 

.  0  1 

0 

.  00 

0 

.  00 

03 

.  05 

.  03 

09 

.  0  6 

.  00 

.  02 

1  1 

.  1  6 

09 

1  9 

0  .  00 

0 

.  00 

0 

00 

0 

00 

0 

.  00 

0 

00 

0  '. 

00 

U  .  UU 

0 

.  00 

0 

00 

00 

.  0  1 

00 

0  1 

U  .  UU 

0 

00 

0 

00 

00 

0  1 

00 

0  1 

U  .  UU 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0  '. 

00 

U  .  UU 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0  . 

00 

.  u  y 

04 

06 

1  2 

1  3 

07 

1  2 

.  ^  y 

24 

26 

32 

35 

1  9 

3  1 

A  C 

.  U  O 

03 

02 

09 

1  5 

08 

I  3 

a  1 

.  O  1 

66 

70 

9  1 

95 

54 

8  1 

O  T 

.  O  1 

76 

78 

94 

97 

55 

82 

.  8  4 

70 

74 

9  2 

96 

54 

8  1 

I  .  0  0 

1 

00 

1 

00 

1  . 

00 

1  . 

00 

57 

82 

.  O  4 

26 

42 

75 

85 

49 

77 

1.00 

97 

1  . 

00 

1  . 

00 

1  . 

00 

57 

82 

1       A  A 

1  .  UU 

1  . 

00 

1  . 

00 

1  . 

00 

1  . 

00 

57 

82 

1.00 

1  . 

00 

1  . 

00 

1  . 

00 

1  . 

00 

57 

82 

1  .  00 

1  . 

00 

1  . 

00 

1  . 

00 

1  . 

00 

57 

8  2 

1       A  A 

I  .  u  u 

1  . 

00 

I  . 

00 

1  . 

00 

1  . 

00 

57 

82 

A  O 

1  6 

27 

55 

67 

39 

69 

c  c 

27 

33 

S6 

74 

45 

82 

.  0  <* 

45 

59 

93 

1  . 

00 

57 

J 

82 

1      A  A 

86 

1  . 

00 

1  . 

00 

1  . 

00 

57 

82 

I  .  u  u 

1  . 

00 

1  . 

00 

1  . 

00 

1  . 

00 

5  7 

92 

1      A  A 

1  .  u  u 

1  . 

00 

1  . 

00 

I  . 

00 

1  . 

00 

57 

82 

.  o  I 

32 

4  2 

69 

76 

43 

64 

54 

63 

8  1 

85 

48 

7  1 

1  .  u  u 

92 

1  . 

00 

1 

00 

1  . 

00 

57 

82 

7 

54 

63 

8  1 

85 

48 

7  1 

1      A  A 

1  .  u  u 

1  . 

00 

1  . 

00 

1  . 

00 

1  . 

00 

57 

82 

c  c 

.  t5  D 

45 

54 

7  1 

76 

43 

65 

A  C 
.  U  D 

00 

02 

1  1 

1  6 

09 

1  9 

.  U  D 

00 

02 

1  1 

1  6 

09 

. 

19 

.  U  u 

00 

02 

1  1 

1  6 

09 

19 

.  U  D 

00 

02 

1  1 

1  6 

09 

1  9 

A  7 

2  7 

33 

4  7 

52 

30 

47 

.  06 

00 

02 

1  1 

1  6 

09 

1  9 

.  06 

00 

02 

1  1 

1  6 

09 

1  9 

.  06 

00 

02 

1  1 

1  6 

09 

1  9 

.  06 

00 

02 

1  1 

1  6 

09 

1  9 

0  .  00 

0  . 

00 

0  . 

00 

0  '. 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  .  00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

100 


TABLE     13.     1964-1960    EXPOSURE    INDEX    FOR    MONTHS   WHEN   WELLS   G   OR    H   WERE  PUMPING 


1  A  U 
JAW. 

p  p  n 

'CO. 

1  1  1  1  V 

o  u  u  ▼ 

All/* 
A  U  . 

^XLr  . 

OCT, 

NOV 

0  E  C 

Y  t  A  H 

1  O  A  7 

1  Q  A  7 

1  Q  C  7 
1  9  O  / 

1  Q  A  7 
1  9  O  ' 

1  Q  A  7 
1  9  O  / 

1  Q  A  7 

1  9  D  ' 

19  6  7 

19  6  7 

19  6  7 

N  UU  t 

1 

A     A  A 
U  .  U  U 

A  A 
.  U  U 

n   A  A 

A  A 

A  A 

00 

0  0 

0    0  0 

'y 

n    n  n 
vJ  .  u  u 

A  A 
.  U  U 

n   n  A 

A  A 
.  UU 

n  n 

00 

0  0 

0    0  0 

n    n  A 
u  .  u  u 

A  A 
.  U  U 

c\   A  n 

A  A 

n  n 

.  VJ  VJ 

00 

0  0 

0    0  0 

nn 

n    n  n 

A  A 
.  U  U 

n   n  n 

A  A 

0  0 

00 

0  0 

0  00 

n  nn 

A  n 

.  U  U 

n  n  n 

A  n 

0  0 

00 

0  0 

0    0  0 

£ 
O 

n   n  n 

A   n  n 
u  .  u  u 

n  n  n 

A  A 

00 

00 

n  n 

.  VJ  VJ 

n   n  n 

VJ  .  VJ  VJ 

# 

n  1 

A  A 

.  u  u 

n  n 
.  u  u 

n   n  n 
u  •  u  u 

A  7 
.  U  X 

n  7 

.  w  X 

0  2 

n  1 

.  VJ  1 

A     A  A 
VJ  .  U  VJ 

a 
a 

n  7 

A  1 

-  U  1 

n  1 

.  U  1 

n  n  n 

A  A 

n  4 

0  4 

n  1 

.  VJ  1 

A     A  A 
VJ  .  VJ  u 

Q 

n  n 

A     A  A 

U  .  U  U 

A  A 
.  U  U 

n  n  n 

A  1 

A  1 

0  1 

A  A 
.  VJ  U 

A     .7  A 
U  .  U  U 

1  u 

U  ,  UU 

U  .  U  U 

A     A  A 
U  .  U  U 

A     A  A 

u  .  u  u 

A     A  A 
U  .  U  U 

A     A  A 
U  .  U  U 

n    n  A 

VJ  .  U  VJ 

A     A  A 
U  .  U  U 

A  on 
U  .  U  U 

\  1 

u .  u  u 

0  .  00 

U  .  UU 

A     A  A 

u .  u  u 

u .  u  u 

A     A  A 
U  .  UU 

A     A  A 

A     ri  O 

U  .  U  U 

0.00 

1  2 

0.00 

0  .  00 

0.00 

A     A  A 
U  .  U  U 

0  .  00 

A     A  A 

u  .  u  u 

A     A  A 
U  .  U  U 

0.00 

0.00 

1  J 

0,00 

0  .  00 

0.00 

A     A  A 
U  •  UU 

U  .  00 

U  .  UU 

A     A  A 
U  .  U  U 

0.00 

0  .  00 

t  4 

0.00 

0.00 

0.00 

U  .  UU 

O  .  U  (J 

U  .  U  U 

A     A  A 
U  .  U  U 

0  .  00 

0  .  00 

O  .  O  O 

U  .  UU 

O  .  O  U 

A     A  A 

U  •  u  u 

A     A  A 
U  .  UU 

A     A  A 

U  .  U  U 

A    n  A 

U  .  U  VJ 

A     A  A 

u  .  u  u 

0  .  00 

U  .  UU 

A     A  A 

U  •  u  u 

A     A  A 

U  .  UU 

A     A  A 
U  .  U  U 

A     A  A 
U  .  U  U 

A     A  A 
U  .  U  U 

A     A  A 

<J  .  VJ  VJ 

A     A  A 
VJ  .  U  U 

0  .  00 

1  7 

U  •  U  U 

A     A  A 

u  .  u  u 

A     A  A 

u .  u  u 

A     A  A 

U  .  UU 

A     A  A 

u .  u  u 

A     A  A 
U  .  U  U 

A     A  A 

A     A  A 
U  .  U  U 

0.00 

1  A 

u  .  u  u 

A     A  A 
U  .  U  U 

A     A  A 
U  .  UU 

A     A  A 
U  .  U  U 

A     A  A 
U  .  UU 

A    n  A 

U  .  (J  VJ 

A   n  A 

U  .  VJ  u 

A     A  A 
VJ  .  U  VJ 

0.00 

1  Q 

n   n  n 
u  .  u  u 

n   n  A 
u  .  u  U 

n   A  n 
u  .  u  u 

A     A  A 
U  .  U  U 

n    A  A 
U  .  U  U 

A     A  A 
U  .  U  VJ 

0    0  0 

A     A  A 
VJ  .  VJ  VJ 

A  no 

u  .  u  u 

n  nn 

U  •  UU 

A     A  A 
U  •  UU 

A     A  A 

u  .  u  u 

A     A  A 

u  .  u  u 

A     A  A 
U  .  U  U 

A     A  A 
U  .  U  U 

n   A  A 

VJ  .  VJ  VJ 

A     A  A 
U  .  VJ  VJ 

0.00 

n   n  n 
u  •  u  u 

A   n  A 
u  .  u  u 

A     A  A 
U  .  U  U 

A     A  A 
U  .  U  U 

A     A  A 
U  •  U  U 

A     A  A 
U  .  U  VJ 

n  n  n 

VJ  .  VJ  VJ 

A     A  A 
VJ  .  VJ  U 

n  no 

u  .  u  u 

7  7 

U  .  U  U 

A     A  A 
U  •  UU 

A     A  A 
U  .  U  U 

A     A  A 

U  •  u  u 

A     A  A 
U  •  U  U 

A     A  A 
U  .  VJ  U 

n   A  A 

VJ  .  VJ  VJ 

A     A  A 
U  .  U  U 

0.00 

7  '1 

•  U  3 

A  7 
.  U  «3 

A  7 
.  U  X 

A     A  A 
U  .  U  U 

A  A 
•  U  O 

1  A 

.   1  VJ 

1  c 

.    1  o 

1  4 

.  0  2 

z  ^ 

•  UA 

A  7 
.  U  X 

A  7 
.  U  X 

A     A  A 

U  .  U  u 

A  fl 

.  U  a 

A  A 
.  U  O 

1  7 

1  o 

1  1 

.    *  < 

O  "7 

,  U  X 

7 

n  7 

.  U  / 

.  U  J 

A  A 
.  U^ 

A     A  A 

u .  u  u 

\  7 

•  1  0 

1  1 
•   1  1 

.  >  o 

1  7 
.    *  X 

n  "7 
.  U  X 

A  O 

f  7 

A  Q 
.  U9 

A     A  A 
U  .  U  U 

7  ? 
.  X  \ 

7  ^ 
.  X  O 

T  7 
■  Ox 

7  A 
.  X  O 

A  A 
.  U  D 

Z  / 

U  .  U  U 

A     A  A 

U  •  u  u 

A     A  A 
U  .  UU 

A     A  A 
U  .  U  U 

A     A  A 
U  .  U  U 

A     A  A 
U  .  U  VJ 

A     A  A 
VJ  .  VJ  U 

A     A  A 
VJ  .  U  U 

A     A  A 
U  .  U  U 

^  C3 

A  1 
.  U  1 

A  1 
.  U  1 

A  A 

.  u  u 

A   n  n 
u .  u  u 

A  A 

A  1 

A  7 
.  VJ  X 

A  7 
.  U  X 

A  A 

.  u  u 

7  Q 

A  1 
.  U  1 

A  1 
.  U  I 

A  A 

.  u  u 

A     A  A 

U  .  u  u 

A  A 

A  1 
.  VJ  1 

A  7 
.  VJ  X 

A  7 
.  U  X 

A  A 

.  u  u 

7  n 

A     A  A 

u .  u  u 

A      A  A 

U  .  u  u 

u  .  u  u 

A     A  A 

u .  u  u 

A     A  A 
U  .  U  U 

A     A  A 
U  .  U  U 

A     A  A 
U  .  U  U 

A     A  A 
U  .  U  U 

A      A  A 

u  .  u  u 

7  1 

A  AO 

u  ,  u  u 

r\  f\r\ 
U  .  U  U 

U  .  UU 

A  f\r\. 

U  .  u  u 

U  .  U  U 

A     A  A 
U  .  U  U 

A     A  A 
U  .  U  U 

n     n  A 
U  .  U  U 

o     n  n 
u  .  U  U 

T  7 

«  1 

.11 

t  7 

.  UO 

U  .  u  u 

.14 

1  A 

7  7 

7  A 
.  X  U 

n  7 
.  U  o 

7  A 

.  «5U 

7  A 

.14 

A  1 

.  U  1 

.Jo 

.  ^  O 

A  A 
.  O  ^ 

A  A 

n  o 
.  U  o 

1  A 

1  7 
.    1  X 

A  A 

.  U  o 

A  A 

.  u  u 

.  J  i 

7  A 

«i  A 

.  O  D 

A  A 

n  A 
.  U  o 

o  n 
•  o  u 

Q  A 

7  A 

A  7 

.  U  X 

7  A 

Q  A 
.  9  U 

1      A  A 
1  .  VJ  U 

A  7 

.  O  O 

1  A. 

A  1 

O  A 

7  A 

A  7 
.  U  0 

7  7 

Q  7 
.  9  X 

1      A  A 
1   -  U  U 

A  7 

.  O  O 

t  A 

t  A 
*9  o 

A  1 

7  A 

•  Jo 

A  7 
.  U  X 

7  1 

.  9  i 

1      A  A 
I   .  VJ  U 

A  7 
.  O  O 

1  A 

!)Q 

A  7 

1  n'n 

\  .  U  w 

'>  Q 

.  W  9 

1  A 

Q  A 

\      A  A 

1      A  A 
■  .  <J  VJ 

A  7 
.  O  O 

1  4 

^  w 

A  A 
.  O  U 

7  c: 

A     A  A 
U  .  U  U 

.Co 

A  7 

.  O  O 

\      A  A 
1  .  U  U 

A  7 
.  O  O 

1  4 

4  ^ 

A  7 

1  -Ti  n 

.  J  9 

n  ^ 

•  U  o 

7  4 

.90 

1      A  A 

A  "X 
.  O  O 

1  4 

A  7 

.Ox 

1    n  n 

.  J  9 

1  n 

Q  A 
.  9  U 

\     A  A 
1  .  VJ  U 

1    A  n 
1  .  u  u 

A  7 

.  □  O 

1  4 

43 

A  7 
.ox 

1    n  n 

.09 

1  n 

Q  n 

.  9  U 

1    n  A 

(   .  VJ  VJ 

1    n  n 

1    .  VJ  VJ 

A  T 
.  O  O 

1  4 

4  4 

A  7 

■  Ox 

1    n  n 

T  Q 

.09 

1  n 

Q  A 

1      A  A 

1      A  A 
'  .  VJ  VJ 

A  7 
.  O  O 

1  4 

4  S 

A  7 

.Ox 

1    n  n 

7  Q 

.  <J  9 

1  n 

Q  A 

1      A  A 

I      P  A 
I   .  VJ 

A  7 

.  O  O 

1  4 

4  5 

.CO 

<^  Q 

7 

.Ox 

A   n  n 

A  9 

7  4 

.  9 

7  A 

.    1  O 

4  7 

A  7 
.Ox 

.  O  O 

7  Q 

.09 

n   A  n 

A  c: 

A  1 

1      A  A 
1   .  U  VJ 

A  7 
.  O  O 

1  4 

4  A 

A  7 
.Ox 

Q  A 
.  9  O 

7  Q 
.09 

A  1 

A  ^ 

A  A 

1     A  n 

'  .  u  u 

A  7 
.  O  O 

1  4 

4Q 

A  7 
.Ox 

1    n  A 

7  Q 
.  0  9 

A  7 
.  U  O 

A  Q 
.  D  9 

Q  1 
.  9  1 

1      A  A 

A  7 

.  o  o 

1  4 

A  7 
•  Ox 

1    n  A 
1  .  u  U 

7  Q  - 
.09  ' 

A  ^ 

7  T 

Q  7 

.  9  J 

1      A  A 
'   .  U  VJ 

A  7 

.  a  o 

1  4 

A  7 
•  Ox 

1      A  A 
1  .  U  U 

7  Q  ' 
.  J  9 

A  O 
.  U  9 

.  O  ** 

Q  7 
.  9  / 

1      A  A 

A  7 

5  2 

7  7 

7  A 
.  O  U 

A  A 

C  7 

A  A 

A  1 

A  A 

7  t 

A  7 
.  O  O 

7  7 

.  0  0 

A  7 
.  U  X 

A  1 

7  A 

A  Q 
.  O  9 

7  ^ 

1  "7 
.    1  X 

A  7 
.Ox 

1      A  A 

I  .  u  u 

7  Q 

.09 

A  A 
.  U  O 

7  C 

Q  A 
.  9  ** 

1  .  u  u 

A  7 

.  O  O 

.14 

7  t 

.  O  J 

.  0  0 

.  U  / 

7  Q 
.    '  O 

.  b  9 

7  A 

.  1  2 

<^  A 

A  7 
.Ox 

1      A  A 
I   .  U  U 

7  a 

.  0  9 

A  Q 
.  U  9 

Q  A 

Q  7 

.  9  ' 

•  .  U  U 

.  o  o 

.  1  4 

A  1 
O  1 

A  ^ 

7  ^ 

7  1 

.  0  1 

A  7 
.  U  X 

c;  A 
.  o  O 

7  7 
.14. 

A  7 

.  o  0 

7  A 
.   /  U 

1  7 
.    1  X 

t  7 

-    1  ^ 

A  O 
.  U  9 

A     A  A 
U  .  U  U 

7  t 

7  7 
.  X  o 

7  7 

.  O  X 

7  A 
.  X  O 

A  A 

.  U  O 

1  4 

A  Q 
.  U9 

A     A  A 
U  .  U  U 

7  1 

7  7 
.  X  O 

7  7 

.  J  X 

7  A 

.  X  a 

A  A 

.  U  J 

6  4 

]  7 

1  4 

no 

.  U9 

A    A  n 

7  1 

7  7 
.  X  O 

7  7 
.  O  X 

7  A 
.  X  o 

A 

.  U  O 

]  "7 

1  4 

n  o 

.  U  9 

n   A  n 

7  1 

7  7 
.  X  o 

7  7 
.  O  X 

7  A 
.  X  O 

A  A 
.  U  O 

66 

^  A 

*s  A 

7  7 

.XX 

n  1 

4  2 

^  7 

.  o  Z 

A  7 

A  7 

.  o  O 

A  Q 
.  U  9 

6  7 

^  7 

1  4 

n  Q 

.  U  9 

0  00 

2  1 

2  3 

.  O  Z 

7  A 
.  X  o 

A  A 
.  VJ  o 

68 

1  7 

1  4 

.  09 

0.00 

2  t 

2  3 

3  2 

2  8 

0  5 

69 

.  1  7 

.  1  4 

.  09 

0  \  00 

.  2  1 

.  23 

.  3  2 

-  28 

.0  5 

70 

.  t  7 

.  1  4 

.  09 

0  .  00 

.  2  1 

.  23 

.  32 

.  28 

.  05 

7  1 

0.00 

0  .  00 

0  .  00 

0  .  00 

0  .00 

0  .  00 

0  .00 

0  .  00 

0  .  00 

72 

0  .00 

0  .  00 

0  .  00 

0.00 

0  .  00 

0  .  00 

0  .  00 

0  .  00 

0  .  00 

lo9 


TABLE     13-     1964-1969    EXPOSURE    INDEX    FOR    MQnThS   when   WEllS   G  OR   M   WERE  PUMPING 


<Ontm 

APR, 

MAY 

JUNE 

J  U  L  V 

A  UG  . 

SEP. 

A  A  X 

NOV  . 

DEC  . 

V  EAR 

19  6  8 

19  6  8 

19  68 

19  68 

1  968 

19  6  8 

19  68 

19  68 

19  68 

NODE 

1 

0  .  00 

0.00 

0  .  00 

0.00 

0.00 

0  .  00 

0.00 

0.00 

0.00 

2 

0.00 

0.00 

0.00 

0.00 

0  .  00 

0.00 

0  .  00 

0.00 

0  .  00 

3 

0  .  00 

0  .'0  0 

0.00 

0  .  00 

0.00 

0.00 

0.00 

0.00 

0  .  00 

4 

0.00 

0.00 

0  .  00 

0.00 

0.00 

0.00 

0  .  00 

0.00 

0.00 

S 

0.00 

0  .  00 

0  .  00 

0  .  00 

0  .  00 

0.00 

0.00 

0.00 

0.00 

6 

0.00 

0  .  00 

0  .  00 

0.00 

0  .  00 

0.00 

0  .  00 

0.00 

0  .  00 

7 

0  .  00 

0  .  00 

0  .  00 

0.00 

0  .  00 

0.00 

0  .  00 

0.00 

0  .  00 

8 

0  .  00 

0.00 

0  .  00 

0  .  00 

0.00 

0.00 

0  .  00 

.  00 

.  00 

9 

0.00 

0.00 

0  .  00 

0  .  00 

0.00 

0.00 

0  .  00 

0.00 

0  .  00 

1  0 

0.00 

0.00 

0  .  00 

0.00 

0.00 

0.00 

0  .  00 

0.00 

0  .  00 

1  1 

0.00 

0.00 

0  .  00 

0.00 

0.00 

0.00 

0  .  CO 

0.00 

0.00 

1  2 

0.00 

0.00 

0.00 

0  .  00 

0.00 

0.00 

0  .  00 

0  .  00 

0  .  00 

1  3 

0  .  00 

0  .  00 

0  .  00 

0  .  00 

0.00 

0  .  00 

0.00 

0.00 

0  .  00 

1  4 

0  .  00 

0  .  00 

0.00 

0.00 

0.00 

0.00 

0  .  00 

0.00 

0.00 

1  5 

0.00 

0  .  00 

0.00 

0  .  00 

0.00 

0  .  00 

0  .  00 

0.00 

0  .  00 

1  6 

0  .  00 

0  .  00 

0  .  00 

0.00 

0.00 

0  .  00 

0  .  00 

0.00 

0  .  00 

1  7 

0.00 

0.00 

0  .  00 

0  .  00 

0  .  00 

0  .  00 

0  .  00 

0  .  00 

0  .  00 

1  8 

0.00 

0.00 

0.00 

0.00 

0  .  00 

0.00 

0  .  00 

0  .  00 

0.00 

1  9 

0.00 

0  .  00 

0  .  00 

0  .  00 

0.00 

0  .  00 

0  .  00 

0.00 

0  .  00 

20 

0  .  00 

0  .  00 

0  .  00 

0  .  00 

0.00 

0  .  00 

0  .  CO 

0  .  00 

0  .  00 

2  1 

0  .  00 

0  .  00 

0  .  00 

0.00 

0.00 

0.00 

0  .  00 

0.00 

0  .  00 

2  2 

0  .  00 

0.00 

0  .  00 

0.00 

0.00 

0.00 

0.00 

0.00 

0  .  00 

2  3 

0.00 

0  .  00 

0.00 

0  .  00 

0.00 

0.00 

0  .  00 

.  00 

.  0  1 

24 

0.00 

0.00 

0  .  00 

0.00 

0.00 

0.00 

0  .  00 

.  00 

.  0  1 

25 

0.00 

0.00 

0.00 

0.00 

0  .  00 

0.00 

0.00 

.  00 

.  0  1 

2  6 

.  0  3 

.  0  4 

.  05 

0  .  00 

0.00 

.  0  2 

.  0  4 

.  0  5 

.  0  6 

2  7 

0  .  00 

0  .  00 

0  .  00 

0.00 

0.00 

0.00 

0  .  00 

0.00 

0.00 

2  8 

0.00 

0.00 

0.00 

0  .  00 

0  .  00 

0.00 

0  .  00 

0.00 

0.00 

2  9 

0.00 

0.00 

0  .  00 

0  .  00 

0.00 

0  .  00 

0  .  00 

0.00 

0  .  00 

3  0 

0  .  00 

0.00 

C  .  00 

0  .  00 

0.00 

0  .  00 

0.00 

0  .  00 

0  .  00 

3  1 

0.00 

0.00 

0.00 

0  .  00 

0.00 

0  .  00 

0.00 

0  .  00 

0  .  00 

.  C  5 

.  0  8 

.  0  3 

.  0  4 

.  0  4 

.  06 

.  0  8 

.  0  8 

.  0  9 

J  J 

.  1  9 

.  2  8 

.  29 

.  2  4 

.  2  4 

.  2  6 

.  2  8 

.  2  5 

.  2  5 

J  A 

.  0  2 

.  0  3 

.  0  3 

.  0  3 

.  03 

.  0  2 

.  0  3 

.  05 

.  0  5 

J  D 

.  5  t 

.  7  9 

.  8  0 

.  6  6 

.  64 

.  7  2 

.  7  9 

.  69 

.  7  0 

J  O 

.  5  4 

.  8  5 

.  8  7 

.  75 

.  7  4 

.  8  0 

.  8  5 

.  7  3 

.74 

J  o 

.  5  2 

.  8  2 

.  8  3 

.  7  0 

.  69 

.  7  6 

.  8  2 

7  ■ 

.    '  1 

7  7 

T  Q 

.  6  3 

1.00 

1.00 

1.00 

1  .  00 

1  .  00 

1.00 

.  8  3 

.  8  2 

*»  U 

.  J  4 

A  O 

.  4  0 

,  J  u 

.  i.  b 

.  2  4 

.  3  7 

.  5  1 

C  1 

.  o  o 

.  t>  b 

^  1 

.  b  J 

1.00 

1  .  00 

.  9  7 

.  9  S 

1  .  00 

1.00 

.  o  o 

.  8  2 

A.  '> 

.  t>  J 

1.00 

1  .  U  U 

1  .  00 

1  .  00 

1.00 

1  .00 

a  1 
.  O  J 

a  7 

^  J 

.  6  3 

1.00 

1  .  uu 

1  .  00 

1  .  00 

1  .  00 

1  .  00 

Q  7 

4  4 

.  D  J 

1  .  U  U 

1      A  A 

1       A  A 
1    .  U  U 

1.00 

1  .  00 

1  .  u  u 

7 

*•  J 

.  b  J 

1.00 

1.00 

1.00 

1  .  00 

1  .  00 

1.00 

Q  7 

Q  7 

4  6 

.  1  u 

.  X  / 

.15 

.  1  3 

.  2  I 

1  A 

.  J  D 

A  A 
.  4  U 

4  7 

.  /  U 

.  J  / 

.  J  ^ 

.  3  t 

.  1  3 

.  3  2 

.  3  i 

.41 

7 

4  8 

.  4  / 

.  b  b 

.  b  y 

.  4  4 

.  4  2 

.  5  3 

7  A 

.  b  O 

7  A 

4  9 

.  b  J 

1    n  n 
1  .  u  u 

1  An 

a  A 
.  o  4 

.  7  9 

.  9  9 

f       A  A 
1    .  U  U 

.  O  J 

.  O  L 

5  0 

.  O  J 

*  .  U  U 

1       A  A 

t       A  A 

1.00 

1.00 

I       A  A 

Q  1 

.  o  o 

fl  7 

Q  1 

.  b  J 

1.00 

1       A  A 
1    .  L  U 

I    .  0  0 

1.00 

1.00 

1.00 

.  0  J 

Q  7 

5  2 

A  □ 

A  Q 

.  4  y 

.  J  1 

.  29 

.  3  7 

C  A 

A  Q 

.  **  y 

c  1 

.  J  1 

5  3 

A  C 

.  b  a 

.  5  3 

.  5  1 

.  60 

.  b  y 

.  b  L 

A  7 

.  b  J 

.  6  3 

1.00 

1.00 

.  9  1 

.  8  9 

1.00 

1.00 

a  7 

a  7 
.  0  2. 

c  c: 

.  4  5 

.  6  7 

.  6  8 

.  5  3 

.  5  1 

.  60 

.  69 

.  6  2 

.  6  3 

J  □ 

.  6  3 

1.00 

1.00 

1.00 

1  .  00 

1  .  00 

1  .  00 

.  8  3 

.  8  2 

A  1 

.  3  8 

.  5  7 

.  59 

.  4  4 

.  4  3 

.  5  I 

.  59 

.  5  4 

.  5  5 

6  2 

.  0  3 

.  0  4 

.  0  5 

0  .  00 

0.00 

.  0  2 

.  0  4 

.  0  6 

.06- 

.  0  3 

.  0  4 

.  05 

0.00 

0.00 

.  0  2 

.  0  4 

.  0  6 

A  C 

.  u  b 

6  4 

.  0  3 

.  0  4 

.  05 

0.00 

0.00 

.  0  2 

.  0  4 

.  0  6 

.  0  6 

65 

.  03 

.  04 

.  05 

0  .  00 

0  .  00 

.02 

.  04 

.06 

.  06 

66 

.  24 

.  36 

.  3  7 

.  26 

.  25 

.  3  1 

.  3  7 

.  34 

.  35 

67 

.  03 

.  04 

.05 

0  .  00 

0  .  00 

.02 

.  04 

.  06 

.  06 

68 

.  03 

.  04 

.  05 

0  .  00 

0  .  00 

.  02 

.  04 

.  06 

.  06 

69 

.03 

.  04 

.  05 

0  .  00 

0.00 

.02 

.  04 

.  06 

.  06 

70 

.03 

.  04 

.  05 

0  .  00 

0  .  00 

.  0  2 

.  04 

.  06 

.06 

7  1 

0  .  00 

0  .  00 

0  .  00 

0  .  00 

0  .  00 

0.00 

0.00 

0  .  00 

0  .  00 

7  2 

0  .  00 

0  .  00 

0  .  00 

0.00 

0  .  00 

0  .  00 

0  .  00 

0  .  00 

0.00 

1  1  0 

TABLE 


13.      1964-1969    EXPOSURE    INDEX    FOR    MONTHS    WHEN   WELLS    G   OR   H  WERE 


PUMPI NG 


Onth 

JAN. 

F  Ee  . 

MAR  . 

APR. 

MAY 

JUNE 

JULY 

AUG  . 

SEP  . 

OCT  . 

YEAR 

19  6  9 

1  969 

1969 

1  969 

1969 

1  969 

1  969 

1969 

1  969 

1969 

NODE 

0  .  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  0  0 

0 

.  00 

0 

.  UU 

2 

0.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  u  u 

3 

rt  ri 
U  .  UU 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

4 

0  .  ou 

0 

.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

S 

0  . 00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

6 

0  .  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

7 

0.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

6 

.  00 

.  00 

.  00 

00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

9 

0  .00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.00 

0 

.  00 

0 

.  00 

0 

.00 

0 

.  00 

0 

.  00 

1  0 

0  . 00 

0 

.00 

0 

.00 

0 

.  00 

0 

00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

1  1 

0  . 00 

0 

.  00 

0 

.00 

0 

.  00 

0 

00 

0 

.  00 

0 

.  00 

0 

.00 

0 

00 

0 

.00 

1  2 

0  .  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 

.  00 

0 

.  00 

0 

.00 

0 

00 

0 

00 

t  3 

0  .  00 

0 

.  00 

0 

.  00 

0 

.00 

0 

00 

0 

.  00 

0 

.  00 

0 

.00 

0 

00 

0 

00 

1  4 

0 .  00 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

1  5 

0.00 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

1  6 

0.00 

0 

.00 

0 

.  00 

0 

00 

0 

00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 

.  00 

1  7 

0.00 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

I  e 

U  .  U(J 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 

.  00 

1  9 

0  .  00 

0 

.  00 

0 

.  00 

0 

00 

0  . 

00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

20 

o .  ou 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

2  1 

0.00 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

2  2 

0  .  00 

0 

.  00 

0 

.  00 

0 

00 

0  . 

00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

23 

.  00 

.  00 

.  00 

00 

0  . 

00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 
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04 

00 
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40 
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27 
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06 

06 
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0 

00 

0 
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04 

00 
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06 
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0 
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MONTH 
YEAR 

NODE 
1 
2 
3 

4 

5 
6 
7 
8 
9 

10 

1  1 

1  2 

1  3 

1  4 

1  5 

1  6 

1  7 
18 
19 
20 

2  I 
22 
23 
24 
25 
26 
27 
28 
29 
30 

3  1 
32 
33 
34 
35 
36 
38 
39 
40 

4  1 
42 
43 

44 
45 
46 
47 
48 
49 

50 

5  1 
52 
53 
54 
55 
56 
57 
58 
61 
62 
63 
64 
65 
66 
67 
66 
69 
70 
7  1 
72 


1979    EXPOSURE    INDEX    FOR    MONTHS   wh£n   wELLS   G   OR    H  WERE  PUMPING 


APR  . 

MAY 

JUNE 

JULY 

A  UG  . 

SEP  . 

OCT  . 

NOV  . 

DEC  . 

1970 

1970 

19  70 
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TABLE     M.     1970-1979    EXPOSURE    INDEX    FOR    MQnThS    WHEn   wELLS   G   OR    m   WERE  PUMPING 


MONTH 

MAY 

JULY 

AUG. 

SEP  . 

OCT  . 

NOV  . 

DEC  . 

VEAR 

19  7  1 

19  7  1 

19  7  1 

19  7  1 

197  1 

19  7  1 

197  1 

NODE 

1 

0.00 

0  .  00 

0.00 

0.00 

0  .  00 

0.00 

0 

00 

2 

0.00 

0  .  00 

0.00 

0.00 

0  .  00 

0  .  00 

0 

.  0  0 

3 

0  .  00 

0.00 

0  .  00 

0  .  00 

0  .  00 

0  .  00 

0 

.  0  0 

4 

0  .  00 

0  .  00 

0.00 

0.00 

0  .  00 

0  .  00 

0 

nn 

5 

0  .  00 
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0  .  00 

0  .  00 

0  .  00 
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n 

n  n 

6 
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u 
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7 
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3 
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u 
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g 
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U 
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n 
u 
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0  .  00 

n  no 

0  .  00 

0.00 
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n 

yj 

.  u  u 
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0  .  00 

0  .  00 

0  .  00 
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0.00 

n 
u 

.  V  u 

1  3 
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0.00 

0  .  00 

0.00 
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0 

.  00 

c ! 

00 

1  6 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

'.  00 

0 

.  00 

0 

00 

0 

.  00 

1  7 

0 

'.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0  . 

00 

0 

.  00 

1  8 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0  . 

00 

0 

.  00 

t  9 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 

.  00 

20 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0  . 

00 

0 

.  00 

2  1 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0  . 

00 

0 

.  00 

22 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 

.  00 

23 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0  1 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 

.  00 

0  . 

00 

0 

.  00 

24 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

.  00 

00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0  . 

00 

0 

.  00 

25 

0 

.00 

0 

.  00 

0 

.  00 

0 

.  00 

00 

.  00 

0 

.  00 

0 

.  00 

0 

.00 

0 

.00 

0  . 

00 

0 

.  00 

26 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

04 

0  1 

0 

.  00 

0 

.  00 

0 

00 

0 

.  00 

0  . 

00 

0 

.  00 

27 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

.  00 

0 

.  00 

0 

00 

0 

.  00 

0  . 

00 

0 

.  00 

28 

0 

.  00 

0 

00 

0 

00 

0 

00 

00 

00 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

0  . 

00 

0 

.  00 

29 

0 

.  00 

0 

00 

0 

00 

0 

00 

00 

00 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

0  . 

00 

0 

.  00 

30 

0 

.  00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

.  00 

0 

00 

0 

00 

0  . 

00 

0 

.  00 

3  1 

0 

.  00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

c 

.  00 

0 

00 

0 

00 

0  . 

00 

0 

.  00 

32 

00 

02 

0  2 

0  2 

06 

03 

0  1 

.  02 

0  2 

02 

02 

.  0  2 

33 

06 

20 

1  9 

20 

27 

22 

20 

.  2  1 

2  » 

22 

2  2 

.  20 

34 

0  1 

0  2 

0  2 

0  1 

1  3 

04 

02 

.  02 

02 

0  1 

0  1 

.  0  1 

35 

1  9 

65 

6  1 

70 

8  1 

7  2 

64 

69 

70 

7  6 

77 

.  70 

36 

2  2 

74 

69 

77 

86 

80 

7  3 

.  78 

79 

83 

84 

.  78 

38 

2  1 

69 

65 

73 

83 

76 

68 

73 

74 

80 

80 

.  74 

39 

3  1 

97 

90 

96 

1  . 

00 

1 

00 

99 

1 

00 

1 

00 

1 

00 

1  . 

00 

1 

.  00 

40 

03 

1  3 

1  3 

20 

36 

1  7 

07 

1  1 

1  3 

1  7 

1  9 

.  2  1 

4  1 

29 

92 

86 

94 

97 

96 

92 

95 

96 

99 

99 

.97 

42 

3  1 

97 

90 

96 

1  . 

00 

1  . 

00 

99 

1 

00 

1 

00 

1  . 

00 

1  . 

00 

1 

.  00 

43 

3  1 

97 

90 

96 

1  . 

00 

1  . 

00 

99 

1 

00 

1  . 

00 

1  . 

00 

1  . 

00 

1 

.  00 

44 

3  1 

97 

90 

96 

1  . 

00 

1  . 

00 

99 

1 

00 

1  . 

00 

1  . 

00 

1  . 

00 

1 

.  00 

45 

3  1 

97 

90 

96 

1  . 

00 

1  . 

00 

99 

I 

00 

1  . 

00 

1  . 

00 

1  . 

00 

I 

.  00 

46 

0  1 

06 

06 

1  1 

1  9 

09 

03 

06 

06 

09 

1  0 

.  1  2 

47 

0  .' 

00 

0  '. 

00 

0  '. 

00 

00 

1  2 

03 

0  '. 

00 

00 

00 

0  1 

02 

0 

.  00 
.'5  2 

48 

09 

36 

35 

49 

54 

43 

29 

37 

39 

5  1 

54 

49 

30 

95 

88 

95 

99 

99 

89 

98 

98 

1  . 

00 

1  . 

00 

.  99 

50 

30 

95 

88 

95 

99 

99 

96 

98 

98 

1  . 

00 

1  . 

00 

.  99 

5  I 

3  1 

97 

90 

96 

1  . 

00 

)  . 

00 

99 

1 

00 

1  . 

00 

1  . 

00 

1  . 

00 

1 

.  00 

52 

09 

36 

35 

49 

54 

43 

29 

37 

39 

5  1 

54 

.  5  2 

53 

09 

36 

35 

49 

54 

43 

29 

37 

39 

5  1 

54 

.  5  2 

54 

26 

64 

78 

87 

90 

88 

78 

86 

87 

9  1 

9  1 

.  90 

55 

1  0 

37 

36 

50 

55 

44 

30 

38 

40 

5  1 

54 

.  5  2 

56 

26 

84 

78 

88 

9  1 

88 

8  2 

86 

8  7 

9  1 

9  2 

.  9  2 

57 

3  1 

97 

90 

96 

1  . 

00 

1  . 

00 

99 

1 

00 

1  . 

00 

1 

00 

1  . 

00 

I 

.  00 

58 

3  1 

9  7 

90 

96 

1  . 

00 

1  . 

00 

99 

1  . 

00 

1  . 

00 

1  . 

00 

1  . 

00 

1 

.  00 

61 

1  0 

37 

36 

50 

55 

44 

30 

38 

40 

5  1 

54 

.  5  2 

62 

0  1 

03 

03 

04 

08 

05 

03 

03 

04 

05 

05 

.  05 

63 

0  1 

03 

03 

04 

08 

OS 

03 

03 

04 

05 

05 

.  05 

64 

02 

07 

07 

09 

1  4 

09 

06 

07 

08 

1  0 

1  0 

.  1  0 

65 

02 

07 

07 

09 

1  4 

09 

06 

07 

08 

1  0 

to 

.  1  0 

66 

1  0 

36 

35 

49 

55 

44 

30 

38 

40 

5  1 

54 

.  52 

67 

02 

07 

07 

09 

1  4 

09 

06 

07 

08 

10 

1  0 

.  1  0 

68 

02 

06 

06 

08 

1  2 

08 

05 

06 

07 

09 

09 

.  09 

69 

02 

07 

07 

09 

1  4 

09 

OS 

07 

08 

1  0 

1  0 

.  1  0 

70 

02 

07 

07 

09 

1  4 

09 

06 

07 

08 

1  0 

1  0 

.  1  0 

7  1 

0  '. 

00 

0  . 

00 

0  . 

CO 

0  . 

00 

0  '. 

00 

0  . 

00 

0  '. 

00 

0 

00 

0 

00 

0 

00 

0  . 

00 

0 

.  00 

72 

0  . 

GO 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0 

00 

0  . 

00 

c 

00 

0  . 

00 

0 

.  00 

1(7 


TABLE     M.     1970-1979    EXPOSURE    INDEX    FOR    MONTHS    WHEN    wELLS    G   OR    m    WERE  PUMPING 


MONTH 

J  AN  . 

FEB  . 

MAR  . 

APR  . 

MAY 

JUNE 

JULY 

AUG  . 

SEP  . 

OCT  . 

NOV  . 

DEC  . 

YEAR 

19  78 

1978 

1978 

1978 

1978 

19  78 

19  78 

1978 

1976 

1978 

19  78 

1978 

Nooe 

1 

0.00 

0 

.  0  0 

Q 

n  n 

.  LI 

Q 

0  0 

Q 

00 

0 

0  0 

0 

.  00 

0 

.  00 

0 

.  0  0 

0 

.  00 

0 

.  00 

0 

.  00 

2 

0.00 

0 

.  00 

Q 

.  0  0 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

3 

0.00 

Q 

.  00 

Q 

0  0 

.  00 

Q 

0  0 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

4 

0  .  00 

00 

.  0  0 

0 

.  0  0 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

5 

0.00 

.  0  0 

Q 

.  0  0 

0 

.  0  0 

0 

00 

0 

.  00 

0 

.  00 

0 

.  0  0 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

e 

0.00 

r\ 
u 

n  n 

.  u  u 

n 

n  n 

Q 

.  0  0 

Q 

.  0  0 

Q 

.  0  0 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  0  0 

7 

0.00 

U 

.  u  u 

n 
u 

n  n 

Q 

.  0  0 

.  0  0 

0 

.  00 

0 

.  00 

0 

.  0  0 

Q 

00 

0 

.  00 

0 

.  00 

Q 

,  \J  yj 

a 

0.00 

U 

.  u  u 

.  U  1 

.  0  2 

.  0  2 

0 

.  00 

0 

.  00 

.  0  1 

.  0  2 

.  03 

.  0  3 

n  1 

9 

0.00 

U 

.  U  U 

u 

n  o 
.  u  u 

n 

\J 

.  0  0 

0 

.  0  0 

0 

.  00 

0 

.  0  0 

Q 

0  0 

0 

.  00 

0 

.  00 

n 

\J 

n  n 

1  0 

0.00 

0 

.  u  u 

u 

.  u  u 

n 

o 

\J 

fi  n 

.WW 

0 

00 

0 

.  00 

0 

00 

0 

00 

0 

.  00 

Q 

n  n 

.  VJ  w 

n 
U 

-  u  u 

1  1 

0.00 

0 

.  UU 

n 
U 

.  u  u 

n 

n 

(J 

n  n 

Q 

0  0 

0 

.  00 

0 

.  0  0 

0 

.  0  0 

0 

.  00 

0  0 

U 

n  n 
.  u  u 

1  2 

0.00 

0 

.  00 

U 

.  u  u 

U 

.  u  u 

u 

.  \J  \J 

Q 

.  00 

0 

.  00 

0 

.  0  0 

Q 

.  0  0 

.  00 

Q 

n  n 

.WW 

KJ 

•  U  U 

1  3 

0.00 

0 

.  00 

U 

.  U  u 

u 

.  u  u 

n 

u 

n  n 

Q 

.  0  0 

0 

.  00 

Q 

0  0 

r> 

w 

0  0 

.  00 

U 

.  U  U 

1  4 

0.00 

0 

.  0  0 

u 

.  u  U 

u 

.  u  u 

u 

n  n 
.  u  u 

Q 

.  00 

Q 

.  0  0 

0  0 

0  0 

Q 

.  00 

n 

u 

.  U  U 

1  5 

0.00 

U 

.  U  U 

u 

.  u  u 

u 

n  n 
.  u  u 

u 

0  0 

Q 

00 

Q 

.  00 

0 

.  0  0 

Q 

00 

0 

.  0  0 

Q 

n  n 

U 

.  U  U 

1  6 

0.00 

u 

n  n 
.  w  u 

u 

n  n 

.  00 

0 

00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

n 
u 

n  n 
.  u  u 

1  7 

0.00 

n 
\j 

n  n 

Q 

00 

0 

0  0 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

00 

0 

00 

0 

.  0  0 

Q 

n  n 
.  u  u 

1  8 

0.00 

0  0 

.  0  0 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

Q 

1  9 

0.00 

Q 

0  0 

Q 

.  0  0 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  0  0 

0 

.  00 

0 

.  00 

0 

.  00 

0 

20 

0.00 

Q 

0  0 

0 

.  0  0 

0 

.  00 

0 

0  0 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

Q 

2  1 

0  .  00 

0  0 

Q 

0  0 

0 

.  0  0 

0 

00 

0 

.  00 

0 

.  00 

0 

0  0 

0 

.  0  0 

0 

00 

0 

.  00 

Q 

2  2 

0.00 

.  0  0 

0 

00 

0 

.  00 

0 

00 

0 

.  00 

0 

.  00 

0 

0  0 

0 

.  00 

0 

.  00 

0 

.  00 

.  0  0 

23 

0  .  00 

0  0 

0  1 

.  0  2 

C  2 

0 

00 

0 

.  00 

0  t 

0  2 

03 

.  03 

.  0  1 

24 

0.00 

.  0  0 

0  1 

0  2 

0  2 

0 

.  0  0 

0 

.  00 

0  1 

0  2 

03 

.  03 

.  0  1 

25 

0.00 

.  00 

0  1 

0  2 

0  2 

0 

00 

0 

.  00 

0  1 

0  2 

0  3 

.  0  3 

.  0  1 

26 

0  .  00 

0 

.  00 

03 

08 

07 

0  I 

0 

.  00 

05 

0  6 

1  1 

t  1 

.  0  8 

27 

0  .  00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

.  00 

0 

.  00 

28 

0  .  00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

.  00 

0 

.  00 

29 

0  .  00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

.  00 

0 

.  00 

30 

0  .  00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

.  00 

0 

.  00 

3  1 

0  .  00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

0 

.  00 

0 

.  00 

32 

.02 

0  2 

03 

1  0 

1  1 

09 

08 

1  1 

1  0 

1  2 

.  1  2 

.  1  2 

33 

.  20 

20 

1  4 

29 

34 

3  1 

30 

33 

33 

3  7 

.  3  7 

.  35 

34 

.01 

0  1 

08 

2  2 

23 

1  5 

1  2 

2  1 

2  2 

30 

.  30 

.  25 

35 

.  68 

6  7 

43 

8  2 

9  7 

9  3 

9  2 

96 

95 

1 

00 

1 

00 

.  98 

36 

.  76 

7  6 

49 

84 

98 

95 

95 

9  7 

9  7 

1 

00 

1 

00 

.  99 

38 

.  72 

7  1 

45 

8  3 

9  7 

94 

94 

9  7 

9  6 

1 

00 

1 

00 

.  99 

39 

1  .  00 

1  . 

00 

98 

99 

1 

00 

99 

1 

00 

1 

00 

1 

00 

1 

00 

1 

00 

1 

.  00 

40 

.  1  9 

1  9 

2  2 

6  1 

69 

50 

4  6 

6  6 

6  7 

78 

7  7 

.  7  1 

4  1 

.96 

9  6 

5  2 

8  3 

1 

00 

99 

I 

00 

1 

00 

1 

00 

1 

00 

1 

00 

1 

.  00 

42 

1  .  00 

1  . 

00 

98 

99 

1  . 

00 

99 

1  . 

00 

1 

00 

1 

00 

1 

00 

1 

00 

1 

.  00 

43 

1  .  00 

1 

00 

1 

00 

I 

00 

1 

00 

99 

1 

00 

1 

00 

1 

0  0 

1 

00 

1 

00 

1 

.  00 

44 

1  .  00 

1 

00 

1 

00 

1 

00 

1 

00 

9  9 

1 

00 

1 

00 

1 

00 

1 

00 

1 

00 

1 

.  0  0 

45 

1  .  00 

1  . 

00 

1  . 

00 

1  . 

00 

1  . 

00 

99 

1 

00 

1  . 

00 

1 

00 

1 

00 

1 

00 

1 

.  00 

46 

.  1  1 

1  0 

1  7 

4  2 

4  6 

2  5 

2  3 

4  1 

4  5 

58 

5  7 

.  4  2 

47 

0  .  00 

0  . 

00 

1  4 

2  7 

3  3 

3  3 

2  3 

3  3 

3  3 

4  3 

4  1 

.  3  3 

48 

.  48 

4  7 

29 

7  0 

80 

6  2 

60 

7  6 

7  8 

8  8 

8  8 

y8  0 

49 

.98 

98 

44 

8  0 

1  . 

00 

99 

1  . 

00 

1 

00 

1 

00 

1 

00 

1 

00 

1 

.  00 

50 

.98 

98 

50 

8  2 

1  . 

00 

9  9 

1  . 

00 

1 

00 

1 

00 

1 

00 

I 

00 

1 

.  00 

5  1 

1  .  00 

1  . 

00 

80 

92 

1  . 

00 
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TABLE    15-      1964-1969    CUMULATIVE    EXPOSURE    (BEFORE.    anQ    INCLUDING.    THIS  MONTH) 
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1  5 

20  . 

99 

2  1 

1  2 

4  6 

1  1  . 

1  8 

1  1  . 

7  6 

1  2  . 

08 

1  2  . 

08 

1  2  . 

70 

1  3 

4  4 

1  4  . 

38 

1  5  . 

1  6 

1  5 

29 

4  7 

1  2  . 

5  7 

1  3  . 

2  3 

I  3  . 

6  1 

1  3  . 

6  1 

1  4  . 

26 

1  5 

0  7 

1  6  . 

0  7 

I  6  . 

90 

1  7 

0  4 

4  8 

1  4  . 

5  5 

1  5  . 

53 

1  5  . 

9  1 

1  5  . 

9  2 

1  6  . 

5  7 

1  7 

4  3 

1  8  . 

43 

1  9  . 

2  6 

1  9 

4  0 

4  9 

1  5  . 

6  2 

1  6  . 

62 

1  7  . 

0  1 

1  7  . 

04 

1  7  . 

7  3 

1  8 

64 

1  9  . 

64 

20  . 

4  8 

20 

6  1 

1  5  . 

7  7 

1  6  . 

7  7 

1  7  . 

1  5 

1  7  . 

20 

1  7  . 

9  3 

1  8 

8  7 

1  9  . 

8  7 

20  . 

70 

20 

8  4 

5  1 

1  5  . 

7  7 

I  6  . 

7  7 

1  7  . 

1  5 

1  7  . 

24 

1  8  . 

08 

1  9 

04 

20  . 

04 

20  . 

88 

2  1 

0  2 

5  2 

1  1  . 

1  6 

1  1  . 

89 

1  2  . 

1  9 

1  2  . 

1  9 

1  2  . 

7  1 

1  3 

39 

1  4  . 

20 

1  4 

88 

1  4 

99 

C  T 

3  J 

'  2  . 

8  9 

1  3  . 

7  2 

1  4  . 

06 

1  4  . 

08 

1  4  . 

69 

1  5 

4  7 

1  6  . 

35 

1  7 

1  0 

1  7 

2  2 

C  A 

O  4 

1  5  . 

69 

1  6  . 

69 

1  7  . 

07 

1  7  . 

1  3 

1  7  . 

88 

1  8 

8  2 

1  9 

8  2 

20 

65 

20 

7  9 

c  c 

1  2  . 

89 

1  3  . 

7  2 

1  4  . 

06 

1  4  . 

0  8 

1  4  . 

69 

1  5 

4  7 

1  6  . 

3  5 

1  7  . 

1  0 

1  7 

2  2 

3  a 

1  5  . 

7  7 

1  6  . 

7  7 

1  7  . 

1  5 

1  7  . 

2  4 

1  8  . 

0  8 

1  9 

0  4 

2  0  . 

0  4 

20 

8  8 

2  1 

0  2 

A  1 

1  1  . 

64 

I  2  . 

38 

1  2  . 

69 

1  2  . 

7  1 

1  3  . 

27 

1  3 

99 

1  4  . 

8  1 

1  5 

5  1 

1  5 

63 

o  ♦ 

8  7 

3  . 

0  1 

3  . 

09 

3  . 

09 

3  . 

30 

3 

53 

3  . 

85 

4 

1  2 

4 

1  7 

63 

2  . 

8  7 

3  . 

0  1 

3  . 

09 

3  . 

09 

3  . 

30 

3 

53 

3  . 

85 

4 

1  2 

4 

1  7 

64 

2  . 

8  7 

3  . 

0  1 

3  . 

09 

3  . 

09 

3  . 

30 

3 

53 

3  . 

85 

4 

1  2 

4 

1  7 

65 

2  . 

8  7 

3  . 

0  I 

3  . 

09 

3  . 

09 

3  . 

30 

3 

53 

3  . 

85 

4 

1  2 

4 

1  7 

66 

8  . 

1  3 

8  . 

63 

e  . 

84 

8  . 

85 

9  . 

28 

9 

80 

1  0 

4  2 

1  0 

95 

1  1 

04 

67 

2  . 

8  7 

3  . 

0  1 

3  . 

09 

3  . 

09 

3  . 

30 

3 

53 

3 

85 

4 

1  2 

4 

1  7 

68 

2  . 

87 

3  . 

0  1 

3  . 

09 

3  . 

09 

3  . 

30 

3 

5  3 

3 

85 

4 

1  2 

4 

1  7 

69 

2  . 

8  7 

3  . 

0  1 

3  . 

09 

3  . 

09 

3  . 

30 

3 

53 

3 

85 

4 

I  2 

4 

I  7 

70 

2  . 

8  7 

3  . 

0  1 

3  . 

09 

3 

09 

3  . 

30 

3 

5  3 

3 

85 

4 

1  2 

4 

1  7 

7  I 

0  . 

00 

0  . 

00 

0  . 

00 

0 

00 

0  . 

00 

0 

00 

0 

00 

0 

00 

0 

00 

7  2 

0  . 

00 

0  . 

00 

0  , 

00 

0 

00 

0  . 

00 

0 

00 

0 

00 

0 

00 

0 

00 

TABLE    15.     1964-1969    CUMULATIVE    EXPOSURE    (BEFORE.    ANO    INCLUDING.    THIS  MONTH) 


MONTH  APR.       MAV  JUNE       JULV       AUG.        SEP.        OCT.       NOV.  DEC. 

VEAR  1968      1968      1968      1968       1968      1968      1968      1968  1968 

NODE 


1 

.  04 

.  04 

.04 

.  04 

04 

04 

.04 

04 

04 

2 

.  04 

.04 

.  04 

.  04 

04 

04 

.  04 

04 

04 

3 

.04 

.  04 

.04 

.04 

04 

04 

.  04 

04 

04 

4 

.  04 

.  04 

.  04 

.  04 

04, 

04 

.04 

04 

04 

S 

.04 

.  04 

.  04 

.  04 

04 

04 

.  04 

04 

04 

6 

.02 

.02 

.02 

02 

02 

02 

.02 

02 

02 

7 

.  2  7 

.  27 

.  27 

27 

27 

27 

.  27 

2  7 

27 

8 

.58 

.  58 

.58 

58 

58 

58 

.  58 

58 

58 

9 

.  1  2 

.  1  2 

1  2 

1  2 

1  2 

1  2 

.  I  2 

1  2 

1  2 

10 

0 

.00 

0 

.  00 

0 

00 

0 

00 

0 

00 

0  . 

00 

0 

.  00 

0  . 

00 

0  . 

00 

1  1 

0 

.00 

0 

.  00 

0 

00 

0 

00 

0  . 

00 

0  . 

00 

0 

.  00 

0  . 

00 

0  . 

00 

12 

0 

00 

0 

.00 

0 

CO 

0 

00 

0  . 

00 

0  . 

00 

0 

.  00 

0  . 

00 

0  . 

00 

13 

0 

00 

0 

.  00 

0 

00 

0 

00 

0. 

00 

0  . 

00 

0 

.  00 

0  . 

00 

0. 

00 

14 

0 

00 

0 

.  00 

0 

00 

0 

00 

0  . 

00 

0  . 

00 

0 

.00 

0  . 

00 

0  . 

00 

IS 

0 

00 

0 

.  00 

0 

00 

0 

00 

0  . 

00 

0  . 

00 

0 

.  00 

0  . 

00 

0  . 

00 

16 

0 

00 

0 

.  00 

0 

00 

0 

00 

0. 

00 

0  . 

00 

0 

.  00 

0  . 

00 

0  . 

00 

17 

0 

00 

0 

.  00 

0 

00 

0 

00 

0. 

00 

0  . 

00 

0 

.  00 

0  . 

00 

0  . 

00 

18 

0 

00 

0 

.  00 

0 

oc 

0  . 

00 

0  . 

00 

0  . 

00 

0 

.  00 

0. 

00 

0  . 

00 

19 

0 

00 

0 

.  00 

0 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0 

.  00 

0. 

00 

0  . 

00 

20 

0  . 

00 

0 

.00 

0 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0 

.  00 

0. 

00 

0  . 

00 

21 

0 

00 

0 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0 

.  00 

0  . 

00 

0. 

00 

22 

0  . 

00 

0 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0 

.  00 

0  . 

00 

0  . 

00 

23 

1  . 

39 

1 

39 

1  . 

39 

I  . 

39 

1  . 

39 

1  . 

39 

1 

39 

1  . 

39 

1  . 

40 

24 

1  . 

19 

1 

19 

1  . 

19 

1  . 

1  9 

1  . 

19 

1  . 

19 

1 

1  9 

1  . 

20 

1  . 

20 

2S 

t  . 

99 

1 

99 

1  . 

99 

1  . 

99 

1  . 

99 

1  . 

99 

1 

99 

1  . 

99 

1  . 

99 

26 

4  . 

20 

4 

24 

4  . 

29 

4  . 

29 

4  . 

29 

4  . 

3  1 

4 

35 

4  . 

4  1 

4  . 

47 

27 

0  . 

00 

0 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0 

00 

0  . 

00 

0  . 

00 

26 

1  9 

1  9 

19 

1  9 

19 

1  9 

19 

1  9 

1  9 

29 

1  9 

1  9 

1  9 

1  9 

19 

1  9 

1  9 

1  9 

1  9 

30 

0  '. 

00 

'o 

00 

0  '. 

00 

0  . 

00 

0  . 

00 

0  '. 

00 

0 

00 

0  '. 

00 

o'. 

00 

31 

0  . 

00 

0 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0 

00 

0  . 

00 

0. 

00 

32 

2  . 

94 

3 

0  1 

3  . 

1  0 

3  . 

1  4 

3  . 

1  7 

3  . 

23 

3 

3  1 

3  . 

39 

3  . 

48 

33 

8  . 

03 

8 

3  1 

8  . 

59 

8  . 

84 

9  . 

07 

9  . 

33 

9 

62 

9  . 

66 

1  0  . 

1  2 

34 

4  . 

72 

4  . 

75 

4  . 

78 

4  . 

8  1 

4  . 

83 

4  . 

86 

4 

89 

4  . 

93 

4  . 

99 

35 

19  . 

93 

20  . 

72 

2  1  . 

52 

22  . 

1  8 

22  . 

82 

23  . 

54 

24 

33 

25  . 

0  1 

25  . 

7  1 

38 

2C  . 

44 

2  1 

29 

22  . 

1  5 

22  . 

9  1 

23  . 

64 

24  . 

44 

25 

30 

26. 

03 

26. 

77 

38 

20. 

1  7 

20  . 

99 

2  1  . 

82 

22  . 

52 

23  . 

20 

23  . 

96 

24 

78 

25  . 

49 

26. 

20 

39 

2  1  . 

76 

22  . 

76 

23  . 

76 

24  . 

76 

25  . 

76 

26. 

75 

27  . 

75 

28  . 

58 

29  . 

40 

40 

>  7  . 

86 

16  . 

35 

1  8  . 

84 

1  9  . 

1  1 

19. 

34 

13. 

7  1 

20  . 

22 

20. 

76 

2  1  . 

32 

41 

2  1  . 

45 

22  . 

45 

23  . 

45 

24  . 

42 

25  . 

37 

26  . 

37 

27  . 

37 

28  . 

20 

29  . 

02 

42 

2  1  . 

76 

22  . 

76 

23  . 

76 

24  . 

76 

25  . 

76 

26  . 

75 

27  . 

75 

28  . 

58 

29  . 

40 

43 

21  . 

76 

22  . 

76 

23  . 

76 

24  . 

76 

25  . 

76 

26  . 

75 

27  . 

75 

28  . 

58 

29  . 

40 

44 

2  1  . 

76 

22  . 

76 

23  . 

76 

24  . 

76 

25  . 

76 

26  . 

75 

27  . 

75 

28  . 

58 

29  . 

40 

45 

21  . 

76 

22  . 

76 

23  . 

76 

24  . 

76 

25. 

76 

26  . 

75 

27  . 

75 

28  . 

58 

29  . 

40 

46 

15  . 

49 

1  5  . 

76 

1  6  . 

02 

1  6  . 

1  7 

1  6  . 

30 

1  6  . 

5  1 

1  6  . 

80 

1  7  . 

1  6 

1  7  . 

56 

47 

1  7  . 

24 

1  7  . 

57 

1  7  . 

69 

18  . 

20 

1  8  . 

33 

1  8  . 

65 

1  8  . 

98 

19  . 

39 

19. 

9  1 

48 

19  . 

87 

20  . 

53 

2  1  . 

2  1 

2  1  . 

66 

22  . 

07 

22  . 

60 

23  . 

30 

23  . 

98 

24  . 

68 

49 

2  1  . 

25 

22  . 

25 

23  . 

25 

24  . 

08 

24  . 

87 

25  . 

87 

26  . 

8  7 

27  . 

69 

28  . 

52 

50 

2  1  . 

47 

22  . 

47 

23  . 

4  7 

24  . 

47 

25  . 

47 

26  . 

4  7 

27  . 

4  7 

28  . 

30 

29  . 

1  2 

51 

2  1  . 

65 

22  . 

65 

23  . 

65 

24  . 

65 

25  . 

65 

26  . 

65 

27 

65 

28  . 

47 

29  . 

30 

52 

15  . 

33 

15  . 

80 

16. 

30 

1  6  . 

6  1 

1  6  . 

90 

1  7  . 

27 

1  7 

78 

1  8  . 

27 

1  8  . 

78 

53 

1  7  . 

66 

18  . 

33 

1  9  . 

0  1 

19  . 

54 

20  . 

05 

20  . 

65 

2  1 

33 

2  1  . 

95 

22  . 

58 

54 

2  1  . 

43 

22  . 

43 

23  . 

43 

24  . 

34 

25  . 

22 

26  . 

22 

27 

22 

28  . 

04 

28  . 

87 

55 

1  7  . 

66 

18  . 

33 

19. 

0  1 

19  . 

54 

20  . 

05 

20  . 

65 

2  1 

33 

2  1  . 

95 

22  . 

58 

58 

2  1  . 

65 

22  . 

65 

23. 

65 

24  . 

65 

25  . 

65 

26  . 

65 

27 

65 

28  . 

47 

29  . 

30 

61 

16. 

01 

16. 

58 

1  7  . 

1  7 

1  7  . 

6  1 

1  8  . 

04 

1  8  . 

55 

19 

1  4 

19  . 

68 

20  . 

22 

62 

4  . 

20 

4  . 

24 

4  . 

29 

4  . 

29 

4  . 

29 

4  . 

3  1 

4 

35 

4  . 

4  1 

4  . 

4  7 

63 

4  . 

20 

4  . 

24 

4  . 

29 

4  . 

29 

4  . 

29 

4  . 

3  1 

4 

35 

4  . 

4  1 

4  . 

47 

64 

4  . 

20 

4  . 

24 

4  . 

29 

4  . 

29 

4  . 

29 

4  . 

3  1 

4 

35 

4  . 

4  1 

4  . 

4  7 

65 

4  . 

20 

4  . 

24 

4  . 

29 

4  . 

29 

4  . 

29 

4  . 

3  1 

4 

35 

4  . 

4  1 

4  . 

47 

66 

1  1  . 

29 

1  1  . 

64 

1  2  . 

0  1 

I  2  . 

2  7 

1  2  . 

53 

1  2  . 

84 

1  3 

2  1 

1  3  . 

55 

1  3  . 

90 

67 

4  . 

20 

4  . 

24 

4  . 

29 

4  . 

29 

4  . 

29 

4  . 

3  1 

4 

35 

4  . 

4  1 

4  . 

47 

68 

4  . 

20 

4  . 

24 

4  . 

29 

4  . 

29 

4  . 

29 

4  . 

3  1 

4 

35 

4  . 

4  1 

4 

4  7 

69 

4  . 

20 

4  . 

24 

4  . 

29 

4  . 

29 

4  . 

29 

4  . 

3  1 

4 

35 

4 

4  1 

4 

4  7 

70 

4  , 

20 

4  . 

24 

4  . 

29 

4  . 

29 

4  . 

29 

4  . 

3  1 

4 

35 

4  . 

4  1 

4 

4  7 

7  1 

0  . 

00 

0 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0 

.  00 

0 

00 

0 

00 

72 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0 

00 

c 

00 

0 

00 

1Z3 


TABLE   15.      1964-1969    CUMULATIVE    EXPOSURE    (BEFORE.    ANO    INCLUDING.    THIS  MONTH) 


M  0  N  T  H 

JAN. 

FEB. 

MAR. 

APR. 

M  A  y 

JUNE 

JULY 

AUG  . 

SEP  . 

OCT  . 

V  E  AP 

1969 

1969 

1  969 

1  969 

1969 

1969 

1969 

1969 

1  969 

1969 

NODE 

1 

.  04 

.  04 

.04 

.  04 

.  04 

.  04 

.  04 

.04 

.  04 

.  04 

2 

.  04 

.04 

.  04 

.  04 

.  04 

.  04 

.  04 

.04 

.  04 

.  04 

3 

.  04 

.04 

.  04 

.  04 

.  04 

.  04 

.  04 

.  04 

.  04 

.  04 

4 

.  04 

.  04 

.  04 

.  0* 

.  04 

.  04 

.  04 

.  04 

.  04 

.04 

5 

.04 

.  04 

.  04 

.  04 

.04 

.  04 

.  04 

.  04 

.  04 

.  04 

6 

.  02 

.  02 

.02 

.02 

.02 

.02 

.  02 

.02 

.02 

.02 

7 

.  2  7 

.  27 

.  27 

.  27 

.  27 

.  27 

.  2  7 

.  27 

.  2  7 

.  27 

8 

.  59 

.  59 

.  59 

.  59 

.  59 

.  59 

.  59 

.  59 

.  59 

.  59 

9 

.  \  2 

.  1  2 

.  1  2 

.  1  2 

.  1  2 

.  I  2 

.  1  2 

.  1  2 

.  1  2 

.  1  2 

1  0 

0 

.  0  0 

0 

.  0  0 

Q 

.  00 

0 

.  0  0 

Q 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

]  1 

Q 

.  0  0 

0 

0  0 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

1  2 

0 

.  00 

0 

.  00 

0 

.  0  0 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

-*  0 

0 

'.  00 

1  3 

0 

.00 

0 

.  0  0 

0 

.  00 

0 

.  00 

0 

.  0  0 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

1  4 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.00 

0 

.  00 

0 

.  00 

0 

.  00 

\  5 

0 

.  00 

0 
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TABLE    16.      1970-1979    CUMULATIVE    EXPOSURE    (BEFORE.    AND    INCLUDING.    THIS  MONTH) 

MONTH  MAV          JUNE       JULY       AUG.        SEP.       OCT.        NOV.  DEC. 

YEAR  1975  1975  1975  1975  1975  1975  1975  197S 
NODE 

1  .OA  .04  .04  .04  .04  .04  .04  .04 

2  .04  .04  .04  .04  .04  .04  .04  .04 

3  .OA  .04  .04  .04  .04  .04  .04  .04 

4  .OA  .OA  .04  .04  .04  .04  .04  .04 

5  04  .04  .04  .04  .04  .04  .04  .04 

6  ■  !02        .02        .02         .02         .02         .02         .02  .02 

7  .27        .27         .27         .27         .27         .27         .27  .27 

8  .59         .59         .59         .59         .59         .59         .59  .59 

9  .12         .12         .12         .12         .12         .12         .12  .12 

10  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 

11  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 

12  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 

13  0.00      0.00      0.00      0.00      0.00      O.OC      0.00  0.00 

14  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 

15  0.00      0.00  CO      0.00      0.00      0.00      0.00  0.00 

16  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 

17  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 

18  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 

19  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 

20  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 

21  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 

22  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 

23  1.56      1.58      1.58      1.59      1.51       l.Sl       1.61  1.61 

24  1.32      1.32      1.32      1.33      1.34      1.34      1.34  1.34 

25  2.11      2.11      2.11      2.12      2.13      2.13      2.13  2.13 

26  5.79      5.80      5.84      5.90      5.94      5.95      5.96  5.96 

27  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 

28  .28         .28         .28         .28         .28         .28         .28  .28 

29  .28         .28         .28         .28         .28         .28         .28  .28 

30  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 

31  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 

32  5.09      5.12      5.22      5.31      5.37      5.39      5.41  5.43 

33  17.42    17.63    17.96    18.26    16.55    18.69    18.78  19.00 

34  7.40      7.44      7.64      7.82      7.98      8.00      8.01  8.03 

35  47.39    48.56    49.50    50.36    51.21    51.71    52.04  52.80 

36  50.68    51.44    52.40    53.30    54.20    54.74    55.09  55.91 

38  49.19    49.90    50.85    51.73    52.60    53.12    53.46  54.24 

39  57.64    58.64    59.64    60.64    6  1.64    62.26    62.68  63.64 

40  32.35    32.50    33.10    33.59    34.01    34.17    34.26  34.47 

41  56.55    57.49    58.48    59.46    60.45    61.08    61.50  62.46 

42  57.64    58.64    59.64    60.64    6  1.64    62.26    62.68  63.64 

43  57.64    58.64    59.64    60.64    6  1.64    62.26    62.68  63.64 

44  57.64    58.64    59.64    60.64    61.64    62.26    62.68  63.64 

45  57.64    58.64    59.64    60.64    61.64    62.26    62.68  63.64 

46  24.35    24.43    24.75    25.02    25.29    25.37    25.42  25.53 

47  27.23    27.25    27.57    27.76    28    03    28.21    28.32  28.55 

48  42.08    42.44    43.12    43.74    44.40   44.77    45.01  45.55 

49  55.20   56.18    57.17    58.16   59.15    59.78    60.19  61.15 

50  57.06   58.03    59.03    60.02    61.01    61.64    62.06  63.02 

51  57.52    58.52    59.52    60.52    61.52    62.14    62.56  63.52 

52  34.58    34.94    35.62    36.24    35.90    37.27    37.51  38.05 

53  40.00    40.36    41.04    41.66    42.32    42.69    42.93  43.47 

54  54.65    55.51    56.45    57.37    58.30    58.88    59.27  60.15 

55  40.11    40.47    41.16   41.79    42.45    42.83    43.07  43.61 

56  55.36    56.22    57.19    58.13    59.07    59.66    60.05  60.95 

57  57.52    58.52    59.52    60.52    61.52    62.14    62.56  63.52 

58  57.52    58.52    59.52    60.52    51.52    62.14    62.56  63.52 

61  36.94    37.30    37.99    38.62    39.28    39.66    39.90  40.44 

62  6.78      6.81      6.91      7.02      7.13      7.17      7.19  7.24 

63  6.78      6.81       6.91       7.02      7.13      7.17       7.19  7.24 

64  7.90      7.97      8.14      8.31       8.47      8.56      8.60  8.71 

65  7.90      7.97      8.14      8.31      8.47      8.56      8.60  8.71 

66  28.71    29.07    29.76    30.38    31.04    31.41    3  1.65  32.19 

67  7.90      7.97      8.14      8.31      8.47      8.56      8.60  8.71 

68  7.65      7.71      7.86      8.02      8.17      8.25      8.29  8.38 

69  7.90      7.97      8.14      8.31      8.47      8.56      8.60  8.71 

70  7.90      7.97      8.14      8.31      8.47      8.56      8.60  8.71 

71  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 

72  0.00      0.00      0.00      0.00      0.00      0.00      0.00  0.00 
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TABLE     16.     1970-1979  CUMULATIVE 


EXPOSURE    (BEFORE,    ANO    INCLUDING,     THIS  MONTH) 
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.  4  1 

g 

4  7 

g 

.  58 

g 

69 

g  _ 

7  7 

27 

0 

.  00 

0 

0  0 

Q 

00 

Q 

0  0 

Q 

.  00 

0 

.  0  0 

0 

00 

0 

00 

0 

00 

0 

.  00 

0 

00 

0  . 

0  0 

28 

2  9 

2  9 

2  9 

2  9 

29 

29 

29 

29 

.  29 

29 

2  9 

29 

29 

2  9 

2  9 

2  9 

2  9 

29 

29 

2  9 

29 

29 

29 

29 

30 

0 

.  00 

0 

00 

0 

00 

0 

0  0 

0 

00 

0 

00 

0 

00 

0 

0  0 

0 

00 

0 

.  00 

0 

00 

0  . 

00 

3  1 

0 

.  00 

0 

00 

0 

00 

0 

00 

0  0 

0 

00 

0 

00 

0 

00 

0  . 

00 

0 

.  00 

0 

00 

0  . 

00 

3  2 

6 

0  4 

g 

0  6 

g 

09 

g 

1  9 

g 

3  0 

g 

3  8 

g 

4  6 

g 

5  7 

g 

6  7 

g 

.  80 

g 

9  2 

7  _ 

04 

33 

2  2 

99 

2  3 

1  9 

2  3 

3  3 

2  3 

6  2 

2  3 

9  6 

2  4 

2  6 

2  4 

5  6 

2  4 

8  9 

2  5  . 

2  2 

2  5 

.  59 

25 

9  5 

2  6  . 

30 

34 

8 

9  3 

8 

9  5 

9  . 

0  2 

g 

2  5 

g 

4  8 

9 

6  3 

9 

7  5 

9 

9  7 

1  0  . 

1  9 

1  0 

.  49 

1  0 

79 

1  1 

0  3 

35 

66 

0  1 

66  . 

6  8 

67  . 

1  0 

6  7 

9  3 

6  6 

8  9 

69 

6  2 

70  . 

7  4 

7  1 

7  0 

7  2  . 

6  5 

7  3 

.  65 

7  4  . 

65 

7  5  . 

63 

36 

70 

5  0 

7  1 

2  6 

7  1 

75 

7  2 

59 

7  3 

5  7 

7  4 

5  2 

7  5  . 

47 

7  6 

4  4 

7  7  . 

4  \ 

78 

.  4  1 

79  , 

4  1 

8  0  . 

4  0 

38 

68 

09 

68  . 

8  1 

69  . 

2  6 

70  . 

09 

7  1 

0  6 

7  2 

00 

7  2  . 

9  3 

7  3 

90 

7  4  . 

8  6 

7  5 

.  8  6 

76  . 

8  6 

7  7  . 

8  4 

39 

8  2  . 

8  6 

8  3  'i 

8  6 

8  4  . 

8  4 

8  5  . 

8  3 

8  6 

8  3 

8  7 

8  2 

8  8  . 

8  2 

89 

8  2 

90  . 

8  2 

9  t 

.  8  2 

9  2  . 

8  2 

9  3  . 

8  2 

40 

38  . 

62 

38  . 

6  1 

39  . 

03 

39  . 

6  3 

4  0  . 

3  2 

40 

8  2 

4  1 

28 

4  1 

9  3 

4  2  . 

60 

43 

.  38 

44  . 

1  5 

44  . 

8  7 

4  \ 

79  . 

3  5 

80  '. 

3  1 

a  0 . 

8  3 

8  1 

66 

8  2  . 

66 

8  3 

65 

8  4  . 

65 

8  S 

65 

8  6  . 

65 

8  7 

6  5 

8  8  . 

65 

89  . 

65 

42 

8  2  . 

8  S 

83  '. 

6  5 

8  4  . 

6  3 

8  5  . 

8  2 

d  6 . 

3  2 

6  7 

8  1 

6  8  . 

8  1 

89 

8  1 

90  . 

8  1 

9  1 

.  8  1 

9  2  . 

8  1 

9  3  . 

8  \ 

43 

8  2  . 

96 

83  ! 

9  6 

8  4  . 

9  6 

8  5  . 

9  6 

8  6  . 

9  6 

8  7  . 

9  5 

88  . 

95 

89 

9  5 

90  . 

95 

9  1 

9  5 

9  2 . 

95 

93  . 

95 

44 

8  2  . 

96 

83  . 

9  6 

84  . 

96 

8  5  . 

9  6 

8  6  . 

9  6 

8  7  . 

9  5 

8  6  . 

95 

89  . 

95 

90  . 

9  5 

9  1 

95 

9  2  . 

95 

9  3  . 

95 

45 

8  2  . 

96 

83  . 

9  6 

e  4 . 

9  5 

B  5  . 

96 

0  6  . 

S  5 

0  7  . 

95 

8  8  . 

95 

89  . 

95 

90  . 

95 

9  1 

95 

9  2  . 

95 

9  3  , 

95 

46 

27  . 

76 

27  . 

8  6 

28  . 

03 

28  . 

45 

28  . 

9  1 

29  . 

1  7 

29  . 

40 

29  . 

80 

30  . 

25 

30 

6  3 

3  1  . 

39 

3  \  . 

8  1 

47 

29  . 

78 

29  . 

78 

29  . 

92 

30  . 

1  9 

30  . 

5  2 

30  . 

8  5 

3  1  . 

09 

3  1  . 

4  2 

3  1  . 

74 

3  2 

1  8 

3  2  . 

58 

3  2  . 

9  1 

48 

54  . 

04 

54  . 

5  2 

54  . 

8  1 

55  . 

5  1 

56  . 

3  1 

5  6  . 

9  3 

5  7  . 

53 

58  . 

29 

59  . 

08 

59 

96 

60  . 

84 

6  1  . 

64 

49 

7  7  . 

99 

78  . 

9  7 

79  . 

4  1 

80  . 

2  1 

8  1  . 

2  1 

8  2  . 

20 

83  . 

20 

8  4  . 

20 

8  5  . 

20 

8  6 

20 

8  7  . 

20 

88  . 

20 

50 

80  . 

1  4 

8  1 

1  3 

8  1 

63 

8  2  . 

45 

8  3  . 

45 

6  4  . 

4  4 

8  5  . 

4  4 

8  6  . 

4  4 

8  7  . 

4  4 

a  8 

4  4 

89  . 

44 

90  . 

44 

5  1 

8  2  . 

00 

8  3  . 

00 

8  3  . 

8  0 

8  4  . 

7  2 

85  . 

7  2 

8  6  . 

7  2 

a  7  . 

7  2 

6  8  . 

7  2 

89  . 

7  2 

90 

7  2 

9  1  . 

7  2 

9  2  . 

7  2 

52 

46  . 

54 

4  7  . 

0  2 

4  7  . 

3  1 

48  . 

0  1 

48  . 

8  1 

49  . 

4  3 

50  . 

03 

50  . 

79 

5  1  . 

58 

5  2 

46 

5  3  . 

34 

54  . 

1  4 

53 

5  1  . 

96 

5  2  . 

44 

5  2  . 

7  3 

5  3  . 

43 

54  . 

23 

54  . 

8  5 

55  . 

45 

56  . 

2  1 

5  7  . 

00 

5  7 

88 

58  . 

76 

59  . 

56 

54 

75  . 

45 

76  . 

34 

76  . 

75 

7  7  . 

53 

78  . 

50 

79  . 

43 

80  . 

36 

8  1 

33 

8  2  . 

29 

a  3 

28 

8  4  . 

2  6 

85  . 

2  3 

55 

52  . 

1  9 

5  2  . 

67 

5  2  . 

97 

53  . 

6  7 

54  . 

49 

55  . 

1  1 

OS  . 

7  2 

5  6  . 

48 

5  7  . 

28 

58 

1  6 

59  . 

05 

59  . 

86 

56 

7  7  . 

06 

77  . 

9  7 

78  . 

56 

79  . 

4  1 

80  . 

4  1 

8  1 

36 

8  2  . 

3  1 

8  3  . 

3  0 

a  4  . 

30 

8  5 

29 

8  6  . 

29 

8  7  . 

28 

5  7 

8  2  . 

00 

83  . 

00 

83  . 

60 

84  . 

7  2 

85  . 

7  2 

8  6  . 

7  2 

8  7  . 

7  2 

88  . 

7  2 

89  . 

7  2 

90 

7  2 

9  I 

7  2 

9  2  . 

7  2 

58 

8  2  . 

00 

8  3  . 

00 

83  . 

60 

8  4  . 

7  2 

85  . 

7  2 

8  6  . 

7  2 

8  7  . 

7  2 

88  . 

7  2 

89  . 

7  2 

90 

7  2 

9  I  . 

7  2 

9  2  . 

7  2 

6  1 

49  . 

0  2 

49  . 

50 

49  . 

80 

50  . 

50 

5  I  . 

3  2 

5  1  . 

94 

5  2  . 

55 

5  3  . 

3  1 

54  . 

1  1 

5  4 

99 

55  . 

6  8 

56  . 

69 

62 

8  . 

20 

8  . 

2  4 

8  . 

29 

8  . 

43 

8  . 

5  7 

8  . 

63 

8  . 

68 

8  . 

80 

8  . 

9  3 

9 

1  1 

9  . 

29 

9  . 

4  4 

63 

8  . 

20 

6  . 

24 

8  . 

29 

8  . 

43 

8  . 

5  7 

8  . 

63 

8  . 

68 

8  . 

80 

8  . 

9  3 

9 

1  1 

9  . 

29 

9  . 

44 

64 

1  0  . 

5  1 

1  0  . 

60 

1  0  . 

68 

1  0  . 

89 

1  1  . 

1  0 

1  1  . 

23 

1  1  . 

34 

1  1  . 

53 

1  1  . 

74 

1  2 

00 

1  2  . 

26 

1  2  . 

49 

65 

I  0  . 

5  1 

1  0  . 

60 

1  0  . 

68 

1  0  . 

89 

1  1  . 

1  0 

1  1  . 

23 

1  1  . 

34 

I  >  . 

53 

1  1  . 

74 

1  2 

00 

1  2  . 

26 

1  2  . 

49 

66 

40  . 

72 

4  1  . 

20 

4  1  . 

49 

4  2  . 

1  9 

43  . 

00 

43  . 

63 

44  . 

23 

44  . 

99 

45  . 

78 

46 

66 

4  7  . 

55 

48  . 

35 

67 

1  0  . 

5  1 

1  0  . 

60 

1  0  . 

68 

1  0  . 

89 

1  1  . 

1  0 

1  1  . 

23 

1  1  . 

34 

1  1  . 

53 

1  1  . 

74 

1  2 

00 

1  2  . 

26 

1  2  . 

49 

68 

1  0  . 

00 

1  0  . 

08 

1  0  . 

1  5 

1  0  . 

34 

1  0  . 

53 

1  0  . 

65 

1  0  . 

75 

1  0  . 

9  2 

1  1  . 

1  1 

1  1 

36 

1  1  . 

60 

1  1  . 

8  1 

69 

t  0  . 

5  1 

1  0  . 

60 

1  0  . 

68 

1  0  . 

89 

1  1  . 

1  0 

1  I  . 

23 

1  I  . 

34 

1  1  . 

53 

1  1  . 

74 

1  2 

00 

1  2  . 

26 

1  2  . 

49 

70 

1  0  . 

5  1 

1  0  . 

60 

1  0  . 

68 

1  0  . 

89 

1  1  . 

1  0 

1  1  . 

23 

1  1  . 

34 

1  1  . 

53 

1  1  . 

74 

1  2 

00 

1  2  . 

26 

1  2  . 

49 

7  1 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0 

00 

0  . 

00 

0  . 

00 

7  2 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0  . 

00 

0 

00 

0  . 

00 

0  . 

00 

131 


TABLE     16.      1970-1979    CUMULATIVE    EXPOSURE    (BEFO«E.    AND    INCLUDING.    THIS  MONTH) 


MONTH  J  AN  .  FEB  . 
VEAR  1979  1979 
NODE 


1 

.  04 

.  04 

2 

.  04 

.  04 

3 

.  04 

.  04 

4 

.  04 

.  0  4 

5 

.  04 

.  0  4 

g 

.  0  2 

.  0  2 

7 

.  2  7 

.  2  7 

g 

74 

.  7  5 

9 

1  2 

»  2 

1  0 

0 

.  00 

0 

.  00 

1  1 

0 

.  00 

0 

.  00 

1  2 

0 

.  00 

0 

.  00 

1  3 

0 

.  00 

0 

.  00 

1  4 

0 

.  00 

0 

.  00 

1  5 

0 

.  00 

0 

.  00 

1  6 

0 

.  00 

0 

.  00 

1  7 

0 

.  00 

0 

.  00 

1  8 

0 

.  00 

0 

.  00 

1  9 

0 

.  00 

0 

.  00 

20 

0 

.  00 

0 

.  00 

2  1 

0 

.  00 

0 

.  00 

2  2 

0 

.  00 

0 

.  00 

23 

1 

.  79 

1  , 

.  80 

24 

1 

.  5  1 

1  . 

.  5  2 

25 

2 

.  30 

2  . 

.  3  1 

26 

6 

.  84 

6  . 

,  89 

2  7 

0  . 

.  00 

0  . 

.  00 

28 

.  29 

.  29 

29 

.  29 

,  29 

30 

0  . 

.  00 

0  . 

.  00 

3  1 

0  . 

.  00 

0  . 

.  00 

3  2 

7  . 

.  1  5 

7  . 

.  25 

33 

26  . 

,  65 

26  . 

97 

34 

t  1  . 

28 

1  1  . 

48 

35 

76  . 

,  60 

77  . 

55 

36 

8  1  . 

38 

8  2  . 

35 

38 

78  . 

8  2 

79  . 

78 

39 

94  . 

82 

95  . 

8  2 

40 

45  . 

57 

46  . 

2  1 

4  1 

90  . 

65 

9  1  . 

65 

42 

94  . 

8  1 

95  . 

8  1 

43 

94  . 

95 

95  . 

95 

44 

94  . 

95 

95  . 

95 

45 

94  . 

95 

95  . 

95 

46 

32  . 

26 

32  . 

67 

4  7 

33  . 

24 

33  . 

58 

48 

62  . 

44 

63  . 

1  9 

49 

89  . 

20 

90  . 

20 

50 

9  1  . 

4  4 

9  2  . 

4  4 

5  1 

93  . 

7  2 

94  . 

7  2 

5  2 

54  . 

94 

55  . 

69 

53 

60  . 

36 

6  1  . 

1  1 

54 

86  . 

20 

8  7  . 

1  6 

55 

60  . 

67 

6  I  . 

43 

56 

88  . 

28 

89  . 

2  7 

5  7 

93  . 

72 

94  . 

7  2 

58 

93  . 

7  2 

94  . 

7  2 

6  1 

5  7  . 

50 

58  . 

26 

62 

9  . 

58 

9  . 

69 

63 

9  . 

58 

9  . 

69 

64 

t  2  . 

7  1 

1  2  . 

89 

65 

1  2  . 

7  1 

1  2  . 

89 

66 

49  . 

1  6 

49  . 

9  1 

67 

1  2  . 

7  1 

I  2  . 

89 

68 

1  2  . 

0  1 

1  2  . 

1  8 

69 

1  2  . 

7  1 

1  2  . 

89 

70 

1  2  . 

7  1 

1  2  . 

89 

7  1 

0  . 

00 

0  . 

00 

7  2 

0  . 

00 

0  . 

00 

MAR  . 

APR  . 

MAY 

1979 

1  9  79 

1979 

.  04 

.  04 

.  04 

.04 

.  04 

.  04 

.04 

.  04 

.  04 

.04 

.  04 

.  04 

.04 

.04 

.  04 

.02 

.02 

.02 

.  2  7 

.  27 

.  27 

.  75 

.  75 

.  75 

.  1  2 

.  1  2 

.  1  2 

0 

.00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.00 

0 

.  00 

0 

.  00 

0 

.  n 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

0 

.  00 

1 

.  80 

1 

.  80 

1 

.  8  1 

t 

.52 

1 

.  52 

1 

.  5  2 

2 

.  3  1 

2 

.  3  1 

2 

.  3  1 

6 

.  9  2 

7 

.  00 

7 

.  05 

0 

.  00 

0  . 

.00 

0 

.  00 

.  29 

.  29 

.  29 

.  29 

.  29 

.  29 

0  . 

.  00 

0  , 

.  00 

0  . 

.  00 

0  . 

,  00 

0  , 

.  00 

0 

.  00 

7  . 

.  36 

7  . 

.  48 

7  . 

.  5  7 

27  . 

.  30 

2  7  . 

,  65 

2  7  . 

.  90 

1  1  . 

.  68 

1  1  . 

.  9  4 

1  2  . 

,  I  1 

7  8  . 

.  50 

79  . 

.  49 

8  0  . 

.  1  7 

8  3  . 

.  3  2 

8  4  . 

.  3  1 

8  5  . 

.  00 

80  . 

,  7  4 

8  1  . 

,  7  2 

6  2  . 

.  4  1 

9  6  . 

.  8  2 

9  7  . 

.  8  2 

9  8  . 

.  5  2 

4  6  . 

8  0 

4  7  . 

,  5  I 

4  6  . 

.  00 

9  2  . 

65 

9  3  . 

65 

9  4  . 

.  35 

96  . 

8  1 

9  7  . 

,  8  1 

9  8  . 

.  5  1 

9  6  . 

9  5 

9  7  . 

,  9  5 

9  8  . 

,  65 

96  . 

9  5 

9  7  . 

9  5 

98  . 

65 

9  6  . 

9  5 

9  7  . 

9  5 

96  . 

.  65 

3  2  . 

9  8 

3  3  . 

35 

3  3  . 

,  6  2 

3  3  . 

9  1 

3  4  . 

24 

34  . 

4  7 

63  . 

88 

64  . 

64 

65  . 

I  8 

9  1  . 

20 

9  2  . 

2  0 

9  2  . 

90 

9  3  . 

4  4 

94  . 

4  4 

95  . 

1  4 

95  . 

7  2 

9  6  . 

7  2 

9  7  . 

4  2 

56  . 

38 

5  7  . 

1  4 

5  7  . 

68 

6  1  . 

60 

62  . 

,  56 

63  . 

,  1  0 

8  8  . 

1  1 

89  . 

0  7 

89  . 

75 

62  . 

I  2 

6  2  . 

89 

63  . 

,  4  4 

90  . 

25 

9  I  . 

2  4 

9  1  . 

,  9  4 
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APPENDIX  XII 
une  Wire  Coding  Matrix 


Wertheimer  -  Leeper  Wiring  Code  for  overhead  electrical  wires 

(Kaune  1990) 

Wiring  structure 

vHCC 

OriCC 

OLCC 

VLCC 
Endpole 

1.  Transmission  line 

2.  Thick  3-phase  primary 

3.  >  6  primary  phase  wires 

(same  pole) 

<  15,2  m 
(50  ft) 

<  39.6m 
(130  ft) 

>  39.6m 
(130  ft) 

1.  Thin  3-phase  primary 

<7.6m 
(25  ft) 

<  15.2  m 
(50  ft) 

<  39.6m 
(130  ft) 

>  39.6m 
(130  ft) 

1  -  First-span  secondary 

<  15.2  m 
(50  ft) 

<  39.6m 
(130  ft) 

>  39.6m 
(130  ft) 

1 .  Second  span 
(not  endpole) 

<  39.6m 
(130  ft) 

>  39.6m 
(130  ft) 

From  William  T.  Kaune  1990 


APPENDIX  XIII 
Industry  Categories  Considered  **High  Risk' 
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APPENDIX  XIV 
Occupation  Categories  Considered  "High  Risk" 


Industrial  Categories  Considered  "High  Risk"  Industries  for 
Industry  Category  Analysis  (Cont.) 


TRANSPORTATION.  COMMUNICATIONS.  AND  OTHER  PUBUC  LfTlUTIES 

Transportation 
Railroads 

Bus  sen/Ice  and  urban  transit 

Taxicab  service 

Trucking  service 

Warehousing  and  storage 

U.S.  Postal  Service 

Water  transportation 

Air  transportation 

Pipe  lines,  except  natural  gas 

Services  incidental  to  transportation 
Communications 

Radio  and  television  broadcasting 

Telephone  (wire  and  radio) 

Telegraph  and  miscellaneous  communication 
services  . 
Utitties  and  sanitarty  services 

Electric  light  and  pov/er 

Gas  and  steam  supply  systems 

Electric  and  gas,  and  other  combinations 

Water  supply  and  Irrigation 

Sanitary  services 

Not  specified  utilities 

RETAIL  TRADE 

Gasoline  service  stations 
Fuel  and  ice  dealers 

BUSINESS  AND  REPAIR  SERVICES 

Automotive  repair  shops 
Electrical  repair  shops 
Miscellaneous  repair  services 

PERSONAL  SERVICES 

Laundry,  cleaning,  and  garment  services 

Beauty  shops 

Barbershops 


Industrial  Categories  Considered  *'High  Risk"  Industries  for 
Industry  Category  Analysis  (Cont.) 


MANUFACTURING-  -Con. 
Durable  Goods — Con. 

Metal  industries — Con. 
Metal  forgings  and  stampings 
Ordnance 

Miscellaneous  fabricated  metal  products 

Not  specified  metal  industries 
Machinery,  except  electrical 

Engines  and  turbines 

Farm  machinery  and  equipment 

Construction  and  material  handling  machines 

Metatworking  machinery 

Office  and  accounting  machines 

Electronic  computing  equipment 

Machinery,  except  electrical,  n.e.c. 

Not  specified  machinery 
Electrical  machinery,  equipment,  and  supplies 

Household  appliances 

Radio,  TV,  and  communication  equipment 

Electrical  machinery,  equipemtn,  and  supplies, 
n.e.c. 

Not  specified  electrical  machinery,  equipment, 
and  supplies 
Transportation  equipment 
Motor  vehicless  and  motor  vehicle  equipment 
Aircraft  and  parts 

Ship  and  boat  building  and  repairing 
Railroad  locomotives  and  equipment 
Guided  missiles,  space  vehicles,  and  parts 
Cycles  and  miscellaneous  transportation 
equipment 
Professional  and  photographic  equipment, 
and  watches 

Scientific  and  controlling  instruments 
Optical  and  health  services  supplies 
Photographic  equipment  and  supplies 
Watches,  clocks,  and  clockwork  operated  devices 
Not  specified  professional  equipment 
Toys,  amusement,  and  sporting  goods 
Miscellaneous  manufacturing  industries 
Not  specified  manufacturing  industries 


Industrial  Categories  Considered  "High  Risk"  Industries  for 
Industry  Category  Analysis  (Cont.) 

AGRICULTURE^.  FORESTRY  AND  FISHERIES 


MANUFACTURING  Con. 

Nondurable  Goods — Con. 


Petroleum  and  coal  products 
Petroleum  refining 

Miscellaneous  petroleum  and  coal  products 
Rubber  and  miscellaneous  plastics  products 
Tires  and  inner  tubes 

Other  rubber  products,  and  plastic  footwear 
and  belting 
Miscellaneous  plastics  products 
Leather  and  leather  products 

Leather  tanning  and  finishing 

Footwear,  except  rubber  and  plastic 

Leather  products,  except  footwear 

Durable  Goods 

Lumber  and  wood  products,  except  furniture 
Logging 

Sawmills,  planing  mills,  and  millwork 

Wood  buildings,  and  mobile  homes 

Miscellaneous  wood  products 
Furniture  and  fixtures 
Stone,  clay,  glass,  and  concrete  products 

Glass  and  glass  products 

Cement,  concrete,  gypsum,  and  plaster  products 
Structural  clay  products 
Pottery  and  related  products 
Miscellaneous  nonmetatlic  mineral  and  stone 

products 
Metal  industries 
Blast  furnaces,  steelworks,  rolling  and 

finishing  mills 
Iron  and  steel  foundries 
Primary  aluminum  industries 
Other  primary  metal  industries 
Cutlery,  hand  tools,  and  other  hardware 
Fabricated  structural  metal  products 
Screw  machine  products 


Industrial  Categories  Considered  "High  Risk"  Occupations  for 
Occupation  Category  Analysis  (Cont.) 


MANAGERIAL  AND  PROFESSIONAL  SPECIALTY  OCCUPATIONS  -  -  Con 
-Technicians  and  Related  Support  Occupations — Con. 

Health  technologists  and  technicians — con. 

Radiologic  technicians 

Licensed  practical  nurses 

Health  technologists  and  technicians,  N.E.C. 

Technologists  and  technicians,  except  health 

Engineering  and  related  technologists  and  technicians 

Electrical  and  electronic  technicians 

Industrial  engineering  technicians 

Science  technicians 

Biological  technicians 

Chemical  technicians.  Science  Technicians,  N.E.C. 
Airplane  pilots  and  navigators 
Air  traffic  controllers 
Broadcast  equipment  operators 
Computer  programmers 

Administrative  Support  Occupations,  Including  Clerical 

Coccumications  equipment  operators 
Telephone  operators 
Telegraphers 

Communications  wquipment  operators,  N.E.C. 

SERVICE  OCCUPATIONS 
Protective  Service  Occupations 

Rrefighting  and  fire  prevention  occupations 
Rre  inspection  and  fire  prevention  occupations 
Rrefighting  occupations 

FARMING.  FORESTRY.  AND  RSHING  OCCUPATIONS 
Farm  operators  and  managers 
Farmers  except  horticultural 


Industrial  Categories  Considered  "High  Risk"  Occupations 
Occupation  Category  Analysis 


MANAGERIAL  AND  PROFESSIONAL  SPECIALTY  OCCUPATIONS 
Professional  Specialty  Occupations 

Engineers,  architects,  and  surveyors 

Engineers 

Chemical  engineers 

Nuclear  engineers 

Electrical  and  electronic  engineers 

Industrial  engineers 

Mechanical  engineers 

Marine  engineers  and  naval  architects 
Naturan  scientists 
Physicists  and  astronomers 
Chemists,  except  biochemists 
Atmospheric  and  space  scientists 
Geologists  and  geodesists 
Physical  scientists,  n.e.c. 
Agricultural  and  food  scientists 
Biological  and  life  scientists 
Forestry  and  conservation  scientists 
Medical  scientists 

Health  diagnosing  practitioners,  n.e.c. 
Health  assessment  and  treating  occupations 

Registered  nurses 
Teachers,  postsecondary 

Chemistry  teachers 

Physics  teachers 

Medical  science  teachers 

Health  specialties  teachers 
Writers,  artists,  entertainers,  and  athletes 

Painters,  sculptors,  craft-artists,  and  artist  printmakers 

TECHNICAL,  SALES.  AND  ADMINISTRATIVE  SUPPORT  OCCUPATIONS 

Technicians  and  Related  Support  Occupations 

Health  technologists  and  technicians 

Clinical  laboratory  technologists  and  technicians 


Industrial  Categories  Considered  "High  Risk"  Industries  for 
Industry  Category  Analysis  (Cont.) 


TRANSPORTATION.  COMMUNICATIONS.  AND  OTHER  PUBUC  UTIUTIES 

Transportation 
Railroads 

Bus  service  and  urban  transit 

Taxicab  service 

Trucking  sen/ice 

Warehousing  and  storage 

U.S.  Postal  Service 

Water  transportation 

Air  transportation 

Pipe  lines,  except  natural  gas 

Services  incidental  to  transportation 
Communications 

Radio  and  television  broadcasting 

Telephone  (wire  and  radio) 

Telegraph  and  miscellaneous  communication 
services 
Utilties  and  sanitarty  services 

Electric  light  and  power 

Gas  and  steam  supply  systems 

Electric  and  gas,  and  other  combinations 

Water  supply  and  irrigation 

Sanitary  services 

Not  specified  utilities 

RETAIL  TRADE 

Gasoline  service  stations 
Fuel  and  ice  dealers 

BUSINESS  AND  REPAIR  SERVICES 

Automotive  repair  shops 
Electrical  repair  shops 
Miscellaneous  repair  services 

PERSONAL  SERVICES 

Laundry,  cleaning,  and  garment  services 

Beauty  shops 
Barber  shops 


Industrial  Categories  Considered  "High  Risk"  Industries  for 
Industry  Category  Analysis 


AGRICULTURE,  FORESTRY.  AND  FISHERIES 

Agricultural  production,  crops 
Agricultural  services,  except  horticultural 
Horticultural  services 

MINING 

Metal  mining 

Nonmetallic  mining  and  quarrying,  except  fuel 

MANUFACTURING 
Nondurable  Goods 

Tobacco  manufactures 
Textile  mill  products 
Knitting  mills 

Dyeing  and  finishing  textiles,  except  wool  and  ' 
knit  goods 
Roor  coverings,  except  hard  surface 
Yam,  thread,  and  fabric  mills 
Miscellaneous  textile  milt  products 
Apparel  and  finished  textile  products 
Apparel  and  accessories,  except  knit 
Miscellaneous  fabricated  textile  products 

Paper  and  allied  products 

Pulp,  paper,  and  paperboard  mills 

Miscellaneous  paper  and  pulp  products 

Paperboard  containers  and  boxes 
Printing,  publishing,  and  allied  industries 

Newspaper  publishing  and  printing 

Printing,  publishing,  and  allied  industries, 
except  newspapers 
Chemicals  and  allied  products 

Plastics,  synthetics,  and  resins 

Drugs 

Soaps  and  cosmetics 

Paints,  vamishes,  and  related  products 

Agricultural  chemicals 

Industrial  and  miscellaneous  chemicals 


Industrial  Categories  Considered  "High  Risk"  Occupations  for 
Occupation  Category  Analysis  (Cont.) 


PRECISION  PRODUCTION.  CRAFT.  AND  REPAIR  OCCUPATIONS — Cor 

Mechanics  and  repairers — Con. 
Electrical  and  electronic  equipment  repairers — Con. 
Miscellaneous  electrical  and  electronic  equipment  repairers 
Heating,  air  conditioning,  and  refrigeration  mechanics 
Miscellaneous  mechanics  and  repairers 
Camera,  watch,  and  musical  instrument  repairers 
Locksmith  and  safe  repairers 
Office  machine  repairers 
Mechanical  controls  and  valve  repairers 
Millwrights 

Specified  mechanics  and  repairers,  n.e.c. 
Not  specified  mechanics  and  repairers 
Precision  production  occupations 
Supervisors,  production  occupations 
Precision  metal  wori<ing  occupations 
Tool  and  die  makers 
Tool  and  die  maker  apprentices 
Precision  assemblers,  metal 
Machinists 

Machinist  apprentices 
Boilermakers 

Precision  grinders,  fitters,  and  tool  sharpeners 

Patternmakers  and  mold  makers,  metal  lay— out  workers 

Precious  stones  and  metals  wori<ers  (jewelers) 

Engravers,  metal 

Sheet  metal  workers 

Sheet  metal  wort<er  apprentices 
Precision  woodworking  occupations 

Patternmakers  and  model  makers,  wood 

Cabinet  makers  and  bench  carpenters 

Furniture  and  wood  finishers 

Miscellaneous  precision  woodworkers 
Precision  workers,  assorted  materials 

Hand  molders  and  shapers,  except  jewelers 

Pattemmakers.  lay— out  workers,  and  cutters 


Industrial  Categories  Considered  "High  Risk"  Occupations 
Occupation  Category  Analysis  (Cont.) 


FARMING,  FORESTRY.  AND  RSHING  OCCUPATIONS — Con. 

Farm  operators  and  managers  Con. 

Horticultural  specialty  tarms 

Mar-'^c.^,  farms,  except  horticultural 

Managers,  horticultural  specialty  tarms 
Other  agricultural  and  related  occupations 

Farm  occupations,  except  managerial 

Supen/isors,  farm  workers 

Farm  workers 

Nursery  workers 

Related  agricultural  occupations 
Supen/isors,  related  agricultural  occupations 
Groundkeepers  and  gardeners,  except  tarm 

PRECISION  PRODUCTION,  CRAFT,  AND  REPAIR  OCCUPATIONS 

Mechanics  and  repairers 
Supervisors,  mechanics  and  repairers 
Mechanics  and  repairers,  except  supervisors 

Vehicle  and  mobile  equipment  mechanics  and  repairers 

Automobile  mechanics 

Automobile  mechanic  apprentices 

Bus,  truck,  and  stationalry  engine  mechanics 

Aircraft  mechanics,  except  engine 

Small  engine  repairers 

Automobile  body  and  related  exposures 

Farm  equipment  mechanics 

Industrial  machinery  repairers 

Machinery  maintenance  occupations 
Electrical  and  ek^ctronic  equipment  repairers 
Ek^ctronk;  repairers,  commumk^tions  and  industrial  equipment 
Data  processing  equipment  repairers 
Household  appliance  power  tool  repairers 
Tolophono  lino  in3talk?rs  and  repairers 
Telophono  inotaliors  and  repairers 


Industrial  Categories  Considered  "High  Risk"  Occupations  for 
Occupation  Category  Analysis  (Cont.) 


PREaSION  PRODUCTION.  CRAFT.  AND  REPAIR  OCCUPATIONS — Cor 


Precision  workers,  assorted  materials — Con. 
O^  Jtcal  goods  workers 

Dental  laboratory  and  medical  appliance  technicians 
Bookbinders 

Electrical  and  electronic  equipment  assemblers 
Miscellanious  precesion  workers,  n.e.c. 
Precision  inspectors,  testers,  and  related  workers 
Inspectors,  testers  and  graders 
Adjusters  and  calibrators 
Plant  and  system  operators 
Water  and  sewage  treatment  plant  operators 
Power  plant  operators- 
Stationary  engineers 

Miscellaneous  plant  and  system  operators 

OPERATORS.  FABRICATORS.  AND  LABORERS 
Machine  Operators.  Assemblers,  and  Inspectors 

Machine  operators  and  lenders,  except  precision 
Metalworking  and  plastic  working  machine  operators 
Lathe  and  turning  machine  set-up  operators 
Lathe  and  turning  machine  operators 
Milling  and  planning  machine  operators 
Puching  and  stamping  press  machine  operators 
Rolling  machine  operators 
Drilling  and  boring  machine  operators 

Grinding,  abrading,  buffing,  and  polishing  machine  operators 
Forging  machine  operators 
Numerical  control  machine  operators 

Miscellaneous  metal,  plastic,  stone,  and  glass  working  machine  operators 
Fabricating  machine  operators,  n.e.c. 
Metal  and  plastic  processing  machine  operators 

Molding  and  casting  machine  operators 

Metal  plating  machine  operators 

Heat  treating  equipment  operators 


Industrial  Categories  Considered  "High  Risk"  Occupations 
Occupation  Category  Analysis  (Cont.) 


OPERATORS,  FABRICATORS,  AND  LABORERS  Con. 

Machine  Operators,  Assemblers,  and  Inspectors — Con. 

Machine  Operators  and  lenders,  except  precision — Con. 
Metal  and  plastic  processing  machine  operatoes — Con 
Miscellaneous  metal  and  p;astic  processing  machine  operators 
Sawing  machine  operators 
Shaping  and  joining  machine  operators 
Nailing  and  tacking  machine  operators 
Miscellaneocis  woodworking  machine  operators 
Printing  machine  operators 
Printing  machine  operators 
Photoengravers  and  lithographers 
Typesetters  and  compositors 
Miscellaneous  printing  machine  operators 
Textile,  apparel,  and  fumlshings  machine  operators 
Winding  and  twisting  machine  operators 
Knitting,  looping,  taping,  and  weaving  machine  operators 
Textile  cutting  machine  operators 
Textile  sewing  machine  operators 
Shoe  machine  operators 
Pressing  machine  operators 
Laundering  and  dry  cleaning  machine  operators 
Miscellaneous  textile  machine  operators 
Machine  operators,  assorted  materials 
Cementing  and  gluing  machine  operators 
Packaging  and  filling  machine  operators 
Mixing  and  blending  machine  operators 
Separating,  filtering,  and  clarifying  machine  operators 
Compressing  and  compacting  machine  operators 
Painting  and  paint  spraying  machine  operators 
Roasting  and  baking  machine  operators,  except  food 
Washing,  cleaning,  and  pickling  machine  operators 
Folding  machine  operators 
Furnace,  kiln,  and  oven  operators,  except  food 
Crushing  and  grinding  machine  operators 
Slicing  and  cutting  machine  operators 
Motion  picture  projectionists 


Industrial  Categories  Considered  "High  Risk"  Occupations  for 
Occupation  Category  Analysis  (Cont.) 


OPERATORS.  FABRICATORS,  AND  LABORERS- -Con. 
Machine  Operators,  Assemblers,  and  Inspectors — Con. 

Machine  operators  and  tenders,  except  precision — Con. 
Machine  operators,  assorted  m<;.lwnals 
Photographic  process  machine  operators 
Miscellaneous  machine  operators,  n.e.c. 
Machine  operators,  not  specified 
Fabricators,  assemblers,  and  hand  working  occupations 
Welders  and  cutters 
Solderers  and  brazers 
Assemblers 

Handcutting  and  trimming  occupations 
Hand  molding,  casting,  and  forming  occupations 
Hand  painting,  coating,  and  decorating  occupations 
Hand  engraving  and  printing  occupations 
Hand  grinding  and  polishing  occupations 
Miscellaneous  hand  working  occupations 
Production  inspectors,  testers,  samplers,  and  weighers 
Production  inspectors,  checkers,  and  examiners 
Production  testers 
Production  samplers  and  weighers 
Graders  and  sorters,  except  agricuttural 

Transportation  and  Material  Moving  Occupations 

Motor  vehicle  operators 
Supervisors,  motor  vehicle  operators 
Truck  drivers,  light 
Driver— sales  workers 
Bus  drivers 

Taxicab  drivers  and  chauffeurs 
Parking  lot  attendants 
Motor  transportation  occupations,  n.e.c. 
Transportation  occupations,  except  motor  vehicles 
Rail  trasnportation  occupations 

Railroad  conductors  and  yardmasters 

Locomotive  operating  occupations 

Railroad  brake,  signal,  ans  swich  operators 

Rail  vehicle  operators,  n.e.c. 


Industrial  Categories  Considered  "High  Risk"  Occupations 
Occupation  Category  Analysis  (Cont.) 


OPERATORS.  FABRICATORS,  AND  LABORERS  Con. 

Transportation  and  Materia!  Moving  Occupations — Con. 

Transportation  occupations,  except  motor  vehicles — Con. 
Water  trasnportation  occupations 
Ship  captains  and  mates,  except  fishing  boats 
Sailors  and  deckhands 
Marine  engineers 

Material  moving  equipment  operators 

Supervisors,  material  moving  equipment  operators 

Operating  engineers 

Longshore  equipment  operators 

Hoist  and  winch  operators 

Crane  and  tower  operators 

Excavating  and  leading  machine  operators 

Grader,  dozer,  ans  scraper  operators 
Miscellaneous  material  moving  equipment  operators 

Handlers,  Equipment  Cleaners,  Helpers,  and  Laborers 

Supervisors,  handlers,  equipment  cleaners,  and  laborers,  n.e.c. 
Helpers,  mechanics  and  repairers 

Production  helpers 
Freight,  stock,  and  material  handlers 

Machine  feeders  and  offbearers 
Garage  and  service  station  related  occupations 
Laborers,  except  construction 


APPENDIX  XV 
Frequency  of  Illnesses  Identified  Among  Subjects 


Appendix  XV:  Frequency  of  illnesses  identified  among  study  subjects  which 
occurred  prior  to  the  date  of  case  diagnosis. 


Parent 


Cases 


Controls 


Odds  Ratio  * 
O.R.  (95%  c.n 


Infectious  Mononucleosis 

Allergies 

Asthma 

Chicken  Pox 

Rubella  (German  Measles) 
Rubeola  (measles) 
Mumps 

Shigella  Infection 
Salmonella  Infection 
Aplastic  Anemia 
Cytomegalovirus 
Urinary  Tract  Infection 
Cancer 


11 

2 
1 


3 
19 


32 

6 
1 


4 
0 


0.15  (0.03,  10.68) 


*  Odds  ratios  calculated  for  illnesses  in  which  the  total  reported  incidence  for 
cases  plus  controls  is  greater  than  or  equal  to  ten.  Odds  ratios  as  estimates 
of  relative  risk  calculated  using  a  conditional  logistic  regression  model. 


APPENDIX  XVI 
Birth  Defects  Considered  During  Interview 


APPENDIX,^^     Birth  Defects  Considered  During  interview  Among 

Cases  and  Control 

Downs  Syndrome 
Bloom's  Syndrome 
Klinefelter's  Syndrome 
X-Linked  Agammaglobulinemia 
Ataxia  Telangiectasia 
Wiskott-Aldrich  Syndrome 


APPENDIX  XVII 
Illnesses  and  Medications  Considered  During  Interview 


I 


Illnesses  and  medications  considered  during  interview  of  study 
subject  mothers.  No  significant  relationships  were  identified 
when  the  below  list  was  considered. 


ILLNESS 

Measles 

Rubella 

Chickenpox 

Influenza 

Hepatitis 

Genital  Herpes 

Fever  for  more  than  3 

consecutive  days 
Vaginal  infections 
Mononucleosis 

Vaginal  or  Uterine  Bleeding 
High  Blood  Pressure 
Pre-eclampsia  or  toxemia 
Protein  in  urine 
Urinary  tract  infection 
Nausea  or  vomiting  for  over 

3  months 
Cytomegalovirus  infection 
Aplastic  anemia 


MEDICATIONS 

Amphetamines 

Chloramphencol 

Chlorpromazine 

Griseofulvin 

Oxyphenbutazone 

Phenylbutazone 

Propylthiouracil 

Tolbutamide 


APPENDIX  XVra 
Medical  Diagnostic  Procedures  Considered  During  Interview 


APPENDIX 


Medical  diagnostic  procedures  considered  during  interview  of 
study  subject  mothers.     None  of  these  procedures  were  reported  by 
mother  in  the  3  months  before  pregnancy  or  during  pregnancy. 

Amniocentesis 

Ultrasound 

Upper  G.I.  Series 

Gall  Bladder  X-Ray 

Barium  Enema 

IVP  or  Cystogram 

Lower  Abdominal  X-Ray 

Back  X-Ray 

X-Ray  of  the  fetus 

Radiation  therapy 

Abdominal  X-Ray 


I 
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July  S,  1996 


Kevin  Costas,  Ph.D. 

Bureau  of  Environmental  Health  Assessment 
Massachusetts  Department  of  Public  Health 
250  Washington  Street 
Boston,  MA  02108 

Dear  Dr.  Costas: 

We  write  to  comment  on  the  Draft  Final  Report  of  the  Woburn  Childhood  Leukemia 
FoLLow-up  Study  hy  the  Bureau  of  Environmental  Health  Assessment  of  the 
Mass<;chusetts  Department  of  Public  Health  (DPH),  l  eleased  for  public  comment  on 
May  7,  1996.  We  believe  that  studying  childhood  leukemia  in  Woburn  is  difficult, 
and  we  respect  and  commend  you  and  your  colleagues  for  undertaking  t,his  complex 
task.  We  hope  that  the  criticisms  offered  below  will  be  of  use  as  you  finalize  your 
analyses. 

W.R.  Grace  &  Co.  sponsored  us  in  preparing  these  comments.  The  opinions, 
however,  are  ours  and  we  take  responsibility  for  any  errors  or  omissions. 

Sinnmary 

The  Woburn  Childhood  Leukemia  Follow-up  Study  describes  a  case-control  study  of 
the  association  between  exposure  to  water  delivered  from  wells  G  and  H  in  East 
Woburn  and  the  incidence  of  childhood  leukemia.  Exposure  to  water  from  wells  G 
&  H  was  ascertained  during  four  "etiologic"  periods:  (1)  from  two  years  before 
conception  to  case  diagnosis,  (2)  during  the  two  years  before  case  conception, 
(3)  during  the  mother's  pregnancy  with  the  case,  and  (4)  from  birth  of  the  case  to 
case  diagnosis.  The  study  found  that  consumption  of  water  from  wells  G  and  H  as  a 
child  was  not  associated  with  subsequent  development  of  leukemia,  although  a 
mother's  consumption  of  such  water  while  pregnant  was  a  predictor  of  childhood 
leukemia  incidence.  Tb.e  confidence  interx'al  about  e\'en  this  association  was  very 
wide,  as  ex[iectcd  given  the  small  number  of  cases  and  controls  available  foi' 
analysis.  No  confid('nc<^  interval  about,  a  measure  of  the  asscH-iation  between 
l(Mil;(Mnia  and  consmn [)l ion  ofwat.cM-  from  wells  (i  and  H  (Excluded  null. 

'i'hc  aiithocs  ( 'xa in i ii< •<  1  .i  wide  ranj^c  ol  <'x [)<)su n 'S  ;md  [XT.sonal  characl  ('ri.st  ics  as 
•  1 1:- j)( 'cl  ( 'd  r'l  .1-.  r.ict  (ic>i.   ^"<■\■(M■;d  l-.cv  associ  .i  t  i<       r<'[H)!l('d  m  thcsliidv  at'i'  m  the 
opposite  direct  ion  ot  I  lio.-  o  t  v[)ic;i'!\'  found  in  o!  1  icr  s;  ud ics.   l-'or  cxainijlc,  t  lie  study 
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suggests  that  maternal  smoking  during  pregnancy,  hving  in  liomes  near  electric 
power  lines,  and  being  born  to  an  older  mother  are  protective  against  childhood 
leukemia,  and  that  breast-feeding  is  a  strong  risk  factor  for  this  disease.  These 
anomalous  results  raise  suspicion  that  the  study  suffered  uom  underlying 
methodologic  shortcomings  that,  when  combined  with  its  small  sample  size,  yielded 
a  series  of  imprecise  and  unreliable  associations.  Compounding  the  problem,  the 
interpretation  of  associations  observed  in  the  study  is  inconsistent.  For  example, 
regarding  the  adjusted  odds-ratio  between  exposure  to  wells  G  and  H  during 
pregnancy  and  incidence  of  childhood  leukemia  (OR  =  8.33;  95%  CI  0.73,  94.67),  the 
DPH  wrote  (page  92): 

Strikingly,  however,  the  adjusted  odds  ratio  for  maternal  exposure 
during  pregnancy  suggests  that  the  risk  of  developing  childhood 
leukemia  was  greater  for  those  children  whose  mothers  consumed 
water  from  Wells  G  and  H  during  pregnancy  than  for  those  whose 
mothers  did  not  ....  A  mother's  consumption  of  contaminated  public 
water  while  pregnant  with  the  case  was  the  strongest  predictor  of 
childhood  leukemia  incidence. 

The  relative  risk  of  childhood  leukemia  associated  with  breast-feeding  during 
pregnancy,  independent  of  wells  G  and  II  exposure,  was  10.17  (95%  CI  1.22,  84.5). 
The  relative  risk  of  childhood  leukemia  associated  with  dental  x-ray  during 
pregnancy  was  10.49  (95%  CI  1.26,  87.1).  Both  are  stronger  predictors  of  childhood 
leukemia  incidence  in  this  study  than  is  exposure  to  wells  G  and  H.  However,  the 
first  association  is  characterized  in  the  report  (page  99)  as  "uncertain;"  the 
relationship  between  breast-feeding  and  childhood  leukemia  is  described  as 
"unclear."  The  second  association  is  characterized  as  "unstable." 
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Odds  Ratios  and  Confidence  Intervals  about  Tinee  Laigest  Risk  Pactois 
in  the  Wobnrn  Childhood  Leukemia  Follow-up  Study 
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The  accompanying  figure  illustrates  that  the  odds  iMtios  reported  in  tiie  study  for 
these  three  risk  factors  are  essentially  equivalent.  1 1  follows  that  each  risk  factor 
should  either  receive  equal  and  balanced  treatment  in  the  text  of  the  report,  or  an 
explanation  for  a  preference  for  one  over  the  others  should  be  offered. 

We  offer  the  following  major  comments,  the  first  of  which  we  expound  upon  in  the  . 
first  attachment  (Technical  Support).  We  have  also  attached  a  series  of  inore  minor 
points  as  a  second  attachment  (Minor  Comments^  and  a  reference  list  as  a  third 
attachment  (Literature  Cited). 

Mujoi'  Ponifs 

1.        Selection  and  control  of  <v)nf<iun(l<'rs 

A  sludy  is  said  to  be  confounded  udicri  ihc  i  ntrs  ot  flisoase  due  to  hacl;grou nd  cmuscs 

'/  ('.,  causes  of  disease  other  t  han  t  he  c.uisc  ofiiUiM  esl)  in  the  exposed  and 

11  nc'xp()S(}d  gi'oups  are  uncMjual.  'I'luis,  confoiindcrs  arc  hot'i  i-(dated  to  (tiial  is, 
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cause)  the  disease  under  study  and  imbalanced  between  the  exposed  and  unexposed 
groups.  It  IS  easy  to  see,  for  example,  how  smoking  would  confound  the  relationship 
between  alcohol  ingestion  and  oral  cancer.  Cigarette  smoking  is  a  cause  of  oral 
cancer  and  people  who  ingest  higher  amounts  of  alcohol  (the  exposed)  are  more 
likely  to  smoke  than  those  who  ingest  lower  amounts  of  alcohol  (the  unexposed). 

It  is  not  so  easy  to  see,  however,  how  the  long  list  of  variables  controlled  for  in  the 
DPH  study  could  all  confound  the  relationship  between  the  incidence  of  childhood 
leukemia  and  exposure  to  wells  G  and  H.  Exposure  to  wells  G  and  H  is  likel^^  to  be 
evenly  balanced  in  the  study  population:  one  does  not  expect  there  to  be  behavioral, 
physical,  or  social  attributes  that  both  cause  childhood  leukemia  and  are  associated 
with  greater  or  lesser  likelihood  of  being  exposed  to  water  from  wells  G  and  H. 
Nonetheless,  the  DPH  controlled  for  confounding  by  age,  sex,  and  resident  in 
Woburn  at  the  time  of  case  diagnosis  by  matchmg.'  DPH  further  controlled  for 
confounding  by  socioeconomic  status,  maternal  smokmg  during  pregnancy, 
maternal  age  at  birth  of  child,  and  maternal  alcohol  consumption  during  pregnancy 
using  a  composite  covariate  and  multivariate  conditional  logistic  regression. 

The  effect  of  controlling  for  variables  that  are  not  significant  confounders  is 
ordinarily  only  to  reduce  the  precision  of  the  estimate  of  effect.  When  control  of 
variables  strongly  suspected  a  priori  not  to  confound  the  association  of  interest 
does,  in  fact,  substantially  change  the  measure  of  association,  that  change  may 
signal  a  bias  in  selection  of  the  controls  rather  than  successful  control  of  a 
confounder  (Kleinbaum  et  al.,  1982).  Such  a  circumstance  appears  to  have  arisen  in 
the  DPH  study.  Two  obserx^ations  support  this  line  of  reasoning. 

First,  despite  the  strong  prior  belief  that  few  variables  would  be  strongly  associated 
with  exposure  to  wells  G  and  li,  control  of  these  variables  as  if  they  were 
confounders  dramatically  affected  the  measure  of  association.  The  following  table 
shows  the  crude  measui^e  of  association  Ix^tween  (Exposure  to  wells  G  and  II  (hu-ing 
each  of  the  etiologic  pc  riods  and  incidtMicc  of  childhood  leukemia,  t  he  measure 


'  As  one  peer  reviewer  poinf<'(i  out,,  niatclniig  does  not  actually  control  toi- 
conlounding  in  a  case-control  .si  iidy  de.'-ij'n    Kalher.  it  int.i-()(liic(>s  a  sc^lection  hia: 
\\'hich  i.^  t  hen  roiitrnMcd  \)\'  m.itchcij  ;iii;i!\'.sis,  such       ''oiidit  lonal  loi'jstic 
r(!gressioii    Tl  m'  pi  irp<):;(  ■  of  in.  1 1  eh  i  ri;',  i  n  a  ca.^c  ci  )iit  i.  >!  si  iid  \'  is  to  allow  a  more 
<-f(  U'i'-nt.  ;i  na  I  vsi.s  <  >!  t  In  •  a:  ,s(  x  - 1 , 1 1  inn  wl  1 1 1 1  ■  si      I'o!  1  in li  ir  con  f  oi  i  nd(  'I's. 
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adjusLcd  toi-  ihe  matching  factors,  and  the  measure  adjusled  for  tlie  matcliing 
factors  and  tlie  composite  covariate. 

Table  ^         Estimated  relative  risk  of  childhood  leukemia  among  th'^-io  ever 
exposed  to  wells  G  and  H  compai  ^-d  with  those  never  exposed 


Etiologic  Period 

Crude'' 

Adjusted  for 
Match  ing*" 

Adjusted  for 
Matching  and 
Composite 
Covariate*^ 

full 

2.89 
(0.71,  11.78) 

1.99 
(0.52,  7.71) 
-48% 

2.39 
(0.54,  10.59) 
40% 

2  yrs  <  conception 

1.52 
(0.48,  4.75) 

1.77 
(0.39,  8.00) 
48% 

2.61 
(0.47,  14.37) 
109% 

during  pregnancy 

2.31 
(0.75,  7.2) 

5.70 
(0.67,  48.25) 
259% 

8.33 
(0.73,  94.67) 
56% 

biilh  to  diagnosis 

1.31 
(0.42,  4.07) 

1.36 
(0.00,  5.38) 
16% 

1.18 
(0.28,  5.05) 
-50% 

odds  ratio  with  95%  confidence  interval  in  parentheses 
^   odds  ratio  with  95%  confidence  interval  in  parentheses,  %  change  in  excess 


relative  risk  compared  with  crude 
"    odds  ratio  with  95%  confidence  interval  in  parentheses,  %  change  in  excess 
relative  risk  compared  to  adjusted  for  matching 

As  shown  in  the  table,  conti-olling  for  the  matched  factors  depresses  the  odds  i-atio 
compared  with  the  criid(?  foi"  the  full  etiolo.f^ic  period  (from  two  years  bcfori^ 
conct^[-)f  ion  to  cas(^  diagnosis)  yet  increases  the  odds  ratio  for  each  (^f  the  thi-ee 
siil)|)(.Tie(l.-    W'e  know  of  no  t_!X[)Iana1  i(3n  for  why  the  odds  ratio  would  mov'e 
downward  alier  adjusting  lor  the  matched  factoi'S  (age.  sex,  and  resident  in  W'oburn 
a.t  diagnnsis)  ov-f  the  enlire  etioloj^ic  period  but  nio\'(/  u[)war(i  after  adjusting  for 
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the  matched  factors  within  each  subpei  iod.  Siniihai  ly,  controlhng  for  confounding 
by  the  composite  covariate  moves  the  otids  ratio  upward  for  three  of  the  etiologic 
periods  and  downward  for  the  fourth.  The  imphcation  is  that  the  direction  of  the 
selection  bias  introduced  by  matching  and  the  confounding  introduced  b^-  the 
covariates  depends  on  the  definition  of  exposure.  The  dependence  is  not  the  same 
for  the  matched  factors  as  it  is  for  tlie  covariates.  Given  tlie  nature  of  the  matched 
factors  and  covariates,  it  is  difficult  to  imagine  an  underlying  mechanism  that 
would  explain  these  inconsistencies. 

Second,  one  must  consider  whether  the  size  and  direction  of  the  confounding 
influence  of  the  covariates  is  consistent  with  expectation.  Recall  that  the  composite 
covariate  is  meant  to  permit  control  for  confounding  b}'  socioeconomic  status, 
maternal  smoking  during  pregnancy,  maternal  age  at  birth  of  child,  and  maternal 
alcohol  consumption  fluring  pregnancy.  We  expect  a  prion  the  confounding 
influence  of  these  variables  to  be  low,  since  none  should  be  strongly  related  to  the 
ever/never  dichotomization  of  exposure  to  wells  G  and  H.^  Nonetheless,  Table  1 
shows  thciL  control  for  these  confounders  had  a  large  impact  on  the  size  of  the  odds 
ratio. 

In  addition,  of  the  four  confounding  variables  included  in  the  composite  covariate: 
(i)  the  univariate  odds-i^atio  for  socioeconomic  status  was  not  reported;  (ii)  the 
univariate  odds-ratios  for  maternal  age  at  pregnancy  with  the  index  child  and  the 
odds-ratio  for  maternal  smoking  during  pregnancy  suggest  increasing  risk  in  the 
direction  opnosite  of  what  is  usually  measured;  and  (iii)  the  univariate  odds-ratio 
for  maternal  ingestion  of  alcohol  during  pregnancy  is  in  the  direction  and  of  the  size 
expected.  The  associations  with  three  other  risk  factors  are  inconsistent  with  the 
reported  literature.  Dental  x-ray  during  pregnancy  and  breast-feeding  are  both 
iin[K)rtant  risk  factors  for  childhood  leukenna  in  this  study,  but  they  are  only  minor 
(for  x-n  radiation)  or  null  (for  breast  feeding)  risk  factors  in  the  literature.  F.xposure 
to  cleotromagnetic  fields  is  a  posit  ive  risk  factor  in  tho  litc^rat ur(\  but  apparently 


'  \V(^  further  expi.'ct  thes(.'  confounders  to  he  closely  conflated.   l'\)r  (-xanij  '  ■, 
conlrol  (if  confounding  by  matcnial  sniokin;;  (liii  in<;  pr(-f^nanc\'  likely  goe.-;  a  lonj', 
wav  towards  controlling  im  iiiaiernal  alcohol  consuiupi  ion  diinn!',  pre;',n.i mcn' 
Siinil.irlv,  coiit  rol  of  conlou  m  1 1 1 1;',  1)\'  .'ocioeconoiuic  .-tal  us  lihel\'  C()nl  r"ol.'<,  ai  least  in 
pai'I  .  f'  )f  coll  foi  u  id  1 1 1;',  I  )\'  in  .  1 1  (  ai  i  a  1  a;'/  •  at  1  ml  1 1  e|  cj  1 1 1,  | 
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protective  in  this  study   Tliese  inconsistencies  require  explanation  m  the  study. 
We  suggest  that  they  may  be  indicators  of  a  bias  in  control  selection. 

M'^st  important,  control  for  confounders  such  as  maternal  age  and  smoking  during 
pregnancy  —  which  3aelded  an  association  in  the  opposite  direction  of  what  was 
expected  —  will  inflate  the  adjusted  estimate  of  effect  when  proper  control  should 
reduce  the  measure  of  effect.  The  odds-ratios  adjusted  for  both  the  matched  factors 
and  the  composite  covariate  overestimate  the  risk  associated  with  exposure  to  wells 
G  and  H  because  of  this  bias.  The  odds-ratios  adjusted  for  the  matched  factors 
alone  also  overestimate  the  risk;  they  should  be  adjusted  downward  to  take  account 
of  the  real  direction  of  the  confounding  by  the  covariates  with  associations  in  this 
study  that  are  opposite  of  the  expected  direction. 

2.        Inconsistency  with  Lagakos  et  al.  (1986) 

The  results  of  this  study  are  not  consistent  with  a  previous  study  of  the  effect  of 
exposure  to  wells  G  and  H  and  the  incidence  of  childhood  leukemia  (Lagakos  et  al., 
1986).  '  Lagakos  ct  al.  (1986)  found  an  apparent  association  between  exposure  to 
wells  G  and  H  from  birth  to  case  diagnosis,  whereas  this  study  found  no  such 
association.  Lagakos  et  al.  (1986)  wrote: 

Using  either  the  cumulative  (P  =  .03,  a  =  .33)  or  none  versus  some  (P  = 
.02,  a  =  1.11)  exposure  metrics,  there  is  a  positive  association  between 
G  and  H  exposure  and  the  incidence  rate  of  childhood  leukemia. 

Lagakos  et  al.  (1986)  determined  for  each  child  an  exposure  "history,"  consisting  of 
his  or  her  set  of  annual  exposure  scores,  beginning  from  the  first  year  of  Woburn 
residency.  This  exposure  definition  would  therefore  be  comparable  to  the  DPH 
study's  etiologic  period  from  birth  to  case  diagnosis.  For  that  etiologic  period,  the 
DPH  measured  an  odds  ratio  associating  the  incidence  of  childhood  leukemia  with 


'  Inconsistency  between  the  results  oi  the  current  study  and  tiie  results  of 
th(^  Lngakos  ct  al.  (  H)Sf^)  study  :\vo.  not  necessarily'  unexpected.  As  outlined  hcvo  in 
sfM:tiori  3,  and  n.s  nolcnl  by  othci-  review(M's  (MacMahon,  1986;  Prentice,  1986;  Kouan, 
1986;  Swan  and  Robins.  19S(i.  and  Whitt (anore.  1986),  the  Lagakos  <•/  al.  (19861 
sliid\'  had  "scn'cra!  majoi-  drawbacks"  (ATSDR.  19!i3)  that  rend(?re(l  the  results 
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exposure  to  wells  G  and  H  of  1.36  (95%  CI  0.00,  5.38)  adjusting  for  the  matched 
factors  and  1.18  (95%  CI  0.28,  5.50)  adjusting  for  the  matched  factors  and  the 
composite  covariate.  The  DPH  says  "no  such  relationship"  (i.e.,  elevation  of  the 
odds  ratio)  "was  iaci^^^ified  in  the  time  period  between  birth  and  diagnosis."  The 
results  of  the  Lagakos  study  and  the  DPH  study  are  therefore  inconsistent, 
although  both  studied  essentially  the  same  set  of  cases  and  both  ascertained 
exposure  to  wells  G  and  H  during  the  same  etiologic  period  by  very  similar 
methods. 

The  second  paragraph  on  page  105  of  the  study  reads: 

Although  detail  regarding  exposure  during  specific  times  within  the 
subject's  lifetime  are  not  discussed  (in  Lagakos  et  al.,  1986),  the 
general  conclusions  are  similar  to  those  we  have  drawn  specific  to  the 
Murphy  Model  exposure  metric  and  the  current  study's  exposure 
values  during  pregnancy.  Lagakos  et  al.  found  an  association  in  their 
ever/never  exposure  analysis  between  exposure  and  childhood 
leukemia  as  we  did. 

As  explained  above,  the  results  from  comparable  etiologic  periods  are  not,  in  fact, 
"similar." 

3.       A  case  of  leukemia  secondary  to  chemotherapy  to  treat 
lymphosarcoma  shonhl  be  deleted 

Lagakos  et  al.  (1986)  should  have  excluded  one  case  of  childhood  leukemia  because 
the  child's  disease  did  not  satisfy  the  case  definition.  In  previous  work  reviewing 
the  Lagakos  et  al.  (1986)  study,  one  of  us  (CP)  found  that  one  case  (number  4  in 
Lagakos  el  al.,  1986)  was  diagnosed  initially  with  lymphosarcoma  and  then 
developed  leukemia  subsequent  to  chemotherapy.  Dr.  Alvin  Young,  at  that  time 
Director  of  the  S1^]RR  program,  conllrmcd  that  childhocul  l(Mikemia  subsequent  to 
lymphosai'coma  sh(juld  not  be  considered  an  nicident  case  of  childhood  leuluMiiia. 
This  case  of  lymphosarcoma  was  highly  inlluential  to  the  results  of  Lagakos  ct  al . 
(  1!)86)  l)ecause  the  authois  in  advisedly  coinpnrvHl  the  sum  of  obsei-\'(vl  and  cxficctcd 
exfiosui'e  scores  for  I  he  cas<\s.  This  met  hod,  which  is  (mjui valent.  to  <-ompannj',  iiioan 
cxposiirc  scores  between  cases  ;uid  cont  rols,  i.s  unreliable  (  Rot  hman,  1  98()).  '  )ne 
reason  is  t  h.it  it  is  1  uidi  I  v  suscept  i  hie  I  o  1 1  nd  ne  i  u  lluiMice  i)y  ex  t  feme  va  I  iies  This 
ex  i)Osi  I  re  .score  1'  ir  I  1 1<  •  I  \  i  u  pi  los.ucf  m  i ;  i  c;  i:  i  ■  w.is  one  such      I  tie,  bei  n;',  the  r;e((  )nd 
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liighest  in  the  entire  analysis,  an  analysis  in  which  only  nine  cases  had  above-zero 
exposure  scores.  We  cannot  tell  what  the  influence  of  the  lymphosarcoma  case  is  in 
tlie  present  study,  or  even  be  certain  that  it  is  included.  That  is  because  this  report, 
unlike  all  previous  reports  on  childhood  leukemia  in  Woburn,  did  not  provide  a 
table  giving  information  on  each  case.  Although  this  is  the  most  obvious  and 
important  error  we  found  in  reviewing  the  Lagakos  et  al.  (1986)  work  (which  work 
provided  the  starting  point  for  case  ascertainment  in  the  present  study),  we  found 
other  possible  errors  and  discrepancies  that  also  might  have  been  carried  through  to 
this  study,  not  only  in  case-finding  but  in  residence  locations  and  other  aspects. 

4.       The  rationale  for  case  eligibility  dates  requires  explanation 

The  DPH  defined  a  case  as  a  child  who  1)  was  diagnosed  with  leukemia  prior  to  his 
or  her  19th  birthday,  2)  was  diagnosed  on  or  after  January  1,  1969,  and  3)  was  a 
resident  of  Woburn  at  the  time  of  his  or  her  diagnosis.  This  definition  omits  a 
crucial  aspect  of  the  design  of  any  epidemiologic  study:  the  date  on  which  the 
followup  or  case  ascertainment  period  ended. 

A  summary  of  an  MDPH  1981  report  contained  in  the  discussion  section  suggests 
that  childhood  leukemia  mortality  was  not  elevated  in  Woburn  during  th'^  period 
between  1949  and  1958  but  began  to  rise  between  1959  and  1963.  No  unusual 
geographic  distribution  of  childhood  leukemia  mortality  occurred  from  1949  to  1968. 
Well  G  began  operating  in  October  1964.  To  measure  the  mortalit}'  rate  between 
1949  and  1968,  the  DPH  must  have  had  access  to  reports  of  childhood  leukemia  of 
some  sort.  It  seems  that  with  some  effort  the  cases  arising  before  1969  could  have 
been  discovered  and  included  in  this  stud}'.  The  DPH  should  explain  its  choice  of 
the  January  1,  1969  case  eligibility  date. 

The  DPH  also  effectively  closed  case  detection  in  August  1989,  although  the  case 
definition  includes  no  end-eligibility  date.  The  first  paragraph  of  the  Introduction 
section  says  that  new  cases  of  childhood  leukemia  arose  in  1994.  The  fi:  st 
paragraph  of  the  Discussion  section  includes  the  sentence,  "Two  new  cas(?s  were 
diagnosed,  one  each  in  I-'\.'hruai-y  and  March  oi  1004  among  Woburn  residents."  Th(^ 
second  [■)aragra[)h  of  I  he  Discussion  sect  ion  echoes  this  information.  These  two 
cases  meet  the  wrilt(>n  case  fhifinition.  The  DPI!  should  explain  its  choice  of  lh(> 
.'\iigust  1980  cnd-c'lu^ilMlily  (late  and  should  ('.\[)lain  why  tlie  two  100  1  cas('s  were 
i  \clM(i(;(i  from  the  analysis. 
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5.       The  study  was  very  small  and,  for  exposure  to  wells  G  and  H  in  utero, 
it  was  made  effectively  much  smaller  by  the  date-of-birth  ajid  risk 
set  matching. 

The  study  results  rely  on  information  provided  for  only  twenty-one  cases,  two  of 
which  did  not  participate,  leaving  nineteen  cases  and  thirty-seven  matched  controls. 
Such  a  study  is  assured  from  the  start  to  provide  only  imprecise  measures  of  the 
association  between  any  exposure  and  disease. 

The  matching  procedure,  the  purpose  of  which  is  to  improve  the  precision  of  case- 
control  analyses,  in  this  study  had  the  opposite  effect.  Every  case  who  was  born 
after  October  1964  and  every  case  whose  mother's  last  menstrual  period  was  after 
May  1979  was  of  necessity  unexposed  and,  by  virtue  of  the  matching,  was  of 
necessity  matched  to  an  unexposed  control.  These  concordant  case-control  sets  do 
not  contribute  to  analyses  that  control  for  the  matched  factors.  Thus,  in  all 
matched  analyses,  the  study  reduces  to  a  study  of  children  who  were  in  utero 
sometime  during  the  interval  October  1964  to  May  1979.  Based  on  a  prior  analysis 
of  Lagakos  et  al.  (1986),  we  estimate  that,  not  counting  the  case  of  lymphosarcoma 
that  should  have  been  excluded  from  the  study  entirely,  the  matching  had  the  effect 
of  excluding  eight,  or  44%,  of  the  eighteen  available  cases  (twenty-one  less  two  non- 
participants,  less  one  ineligible  case  of  lymphosarcoma). 
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Additional  details  and  comments  are  presented  in  the  attachments  to  this  letter. 
Thank  you  for  your  consideration  of  these  comments. 


Sincerely, 


Timothy  L.  Lash,  M.P.H. 


Associate  Scientist 


Laura  C.  Green,  Ph.D.,  D.A.B.T. 
Senior  Scientist  and  President 


Charles  Poole,  Sc.D. 
Consulting  Epidemiologist 
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Attachment  1:  Technical  Support  for  Major  Point  1 


Univariate  analysis  of  the  association  between  many  of  the  confounding  variables 
and  the  incidence  of  childhood  leukemia  yielded  an  association  opposite  to  the 
association  most  often  reported  in  the  literature. 

The  study  does  not  report  its  method  of  measuring  parents'  socioeconomic  status, 
nor  does  it  report  a  univariate  analysis  of  the  association  between  socioeconomic 
status  and  incidence  of  childhood  leukemia.  Socioeconomic  status  has  been 
positively  related  to  the  incidence  of  childhood  leukemia  and  may  be  related  to 
biases  in  control  selection  (Poole  and  Trichopolous,  1991). 

The  study  reports  that  five  control  mothers  and  no  case  mothers  smoked  during 
pregnancy  with  the  control  or  case  child.  The  odds  ratio  relating  smoking  during 
pregnancy  to  the  incidence  of  childhood  leukemia  in  this  study  therefore  equals 
zero.  The  p-value  associated  with  the  obsen.'ation  is  p  =  0.12.  The  literature 
reports  that  association  between  maternal  smoking  and/or  passive  smoking  and 
incidence  of  childhood  leukemia  is  null  or  slightly  elevated  (Tredaniel  et  al.,  1994). 
The  literature  review  provided  by  the  DPH  centers  on  smoldng  as  a  direct  cause  of 
leukemia  in  adults,  not  on  passive  smoking  or  in  utero  exposure  to  cigarette  smoke 
inhaled  by  the  mother  as  a  risk  factor  for  childhood  leukemia. 

The  study  reports  an  o(ids-ratio  for  "increasing  matei-nal  age"^  of  0.5f)  (95%  CI  0.14, 
2.07),  so  that  children  born  to  younger  mothers  were  at  higher  risk  for  childhood 
leukemia  than  children  born  to  older  mothers.  This  result  is  opposite  to  the 
direction  usually  reported  in  the  literature.  For  example,  Shiu  et  al.  (1995)  reported 
that  mothers  of  children  diagnosed  with  acute  leukemia  had  a  mean  age  at  birth  of 
the  case  of  28.4  yrs  (SD  =  2.7  years)  whereas  mothers  of  control  children  matched 
on  sex  and  year  of  birth  had  mean  age  of  27.8  years  (SD  =  2.4  years)  (t-test  for 
liomogeneity  of  means  yields  p  =  0.037).  MacMahon  and  N'nvilh^  (19G2)  obs(>i-\'e(l  a 
positive  association  between  inci-ea.sing  tnnlcriial  njje  and  incidence  of  acut(> 
I \'in p^hoblastic  Iciikcni i.'i 


'  ll  woi  1 1'  i  I  )>'  I H  •!  pfi  1 1  for  t  lie  I )!'!  1  i  o  md  U'  Ic  a  'Icscri  pt  um  ( il  the 
p;  1 1";  1 1  n<  -l  cr  i /.a  t  i<  )ii  of  ina  t  crn.  1 1  a;',(  ■    W'.i..  it  ( i  ul  ii  i!  omi  /  <  m  1 ,  t  !•<  ■;!(  (m  1  ;i.s  ;i  ci  )!i  I  i  n  i  n  ii  is 
\';il  l.ilil'',  or  healed  m  ;>oiiie  ollief  ' 
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Tlie  study  reports  a  matched  odds-ratio  of  1.5  (95%  CI  0.54,  4.20)  for  maternal 
ingestion  of  alcohol  during  pregnancy.  The  expected  correlation  between  ingestion 
of  alcohol  during  pregnancy  and  smoking  during  pregnancy  was  not  observed. 

Several  other  associations  reported  in  the  study  were  inconsistent  with  the  values 
most  often  reported  in  the  h'to.rature.  The  study  reports  children  who  were  breast 
fed  were  at  10.17-fold  (95%  CI  1.22,  84.5)  greater  risk  of  childhood  leukemia  than 
children  who  were  not  breast  fed,  independent  of  the  mfluence  of  other  risk  factors. 
Shiu  et  al.  (1995)  r-ported  an  odds  ratio  of  1.14  (95%  CI  0.7,  1.9)  for  risk  of  acute 
childhood  leukemia  among  ever  breast-fed  versus  never  breast-fed  children. 
Magnani  <  '  aL.  (1988)  reported  an  odds  ratio  of  1.1  (95%  CI  0.7,  1.6)  for  risk  of  acute 
lymphoblastic  leukemia  among  children  breast-fci  zero  to  six  months  versus 
children  never  breast-fed  and  an  odds  ratio  of  1.1  (95%  CI  0.6,  2.3)  for  risk  of  acute 
lymphoblastic  leukemia  among  children  breast-fed  seven  or  more  months  versus 
children  never  breast-fed.  Magnani  et  al.  (1988)  also  reported  an  odds  ratio  of  1.2 
(95%  CI  0.5,  3.0)  for  risk  of  acute  non-lymphoblastic  leukemia  among  children 
breast-fed  zero  to  six  months  versus  children  never  breast-fed  and  an  odds  ratio  of 

0.  5  (95%  CI  0.1,  4.3)  for  risk  of  acute  non-lymphoblastic  leukemia  among  children 
breast-fed  seven  or  more  months  versus  children  never  breast-fed.  Similarly,  van 
Duijn  et  al.  (1988)  report  an  odds  ratio  of  1.2  (95%  CI  0.8,  1.7)  for  risk  of  acute 
lymphoblastic  leukemia  among  children  breast-fed  zero  to  six  months  versus 
children  never  breast-fed  and  an  odds  ratio  of  0.8  (957o  CI  0.5,  1.4)  for  risk  of  acute 
lymphoblastic  leukemia  among  children  breast-fed  seven  or  more  months  versus 
children  never  breast-fed.  Schwartzbaum  et  al.  (1991)  report  an  odds  ratio  of  1.0  for 
risk  of  acuto  lymphoblastic  leukemia  and  0.8  for  acute  non-lymphoblastic  leukemia 
among  children  breast-fed  eight  months  or  more  versus  children  breast-fed  for  less 
than  two  months.  Thus,  the  literature  indicates  a  null  to  protective  effect  for 
children  breast-fed  for  shorter  duration  and  more  strongly  indicates  a  protective 
effect  for  children  breast-fed  for  longer  durations.  The  odds  ratio  reported  by  t  he 
DPH  IS  clearly  inconsistent  with  the  body  of  litei-ature  on  the  relationshi [:>  between 
brcasl  lV'cding  and  childhood  Iouk(;mia. 

The  .^t  iidy  reports  that  children  whose  inot  h(M"s  had  dental  x-i'ays  during  pregnancy 
w.M-e  at  10.5-rold  higher  risk  CI  1.3.  87.1)  for  childhood  l(Mikomia  than 

iliildrcn  whose  inolliers  did  not  iiave  df/ntal  x-raws  dnnng  pr(\!_',na  nc\'.   (irahani  rt 
(i!  (!!)()())  present,  a  sumniars'  of  live  nieasu reiiiein .s  ot  iH'lative'  i"i.sU  of  childhood 

1.  Mikeinia  associated  with  ahdoiiiinal  x-ray  doniiLr  pi"(-;^nari(:\\  The  mea.si  i  ren  len  t  s  of 


Cambridge  Environmental  Inc  ,  

58  Ctiailes  Slrei'i  l  •■'■ijiiGDe  '.lassachuse'ls  02141 
61/-225-0810  ! .A>'       ':2-  0S;3  E-niai!  r.)iTi(>nv5S .lOl  coin 


Kevin  Costas,  Ph.D. 
Page  14 
July  8,  199(3 


relative  risk  range  from  1.27  to  1.89.  Graham  et  a/.'s  ( 1966)  study  measured  a 
relative  risk  of  1.7  (95%  CI  1.3,  2.2)  for  x-ray  to  all  sites  during  pregnanc3'.  None  of 
these  studies  measured  the  relative  risk  associated  with  dental  x-ra}^  per  se, 
although  one  would  expect  the  total  x-'-ay  dose  received  by  x-irradiation  of  the 
abdomen  to  be  greater  than  from  x-ray  of  only  the  niouth. 

Finally,  the  study  reported  that  ciiildren  living  in  high-current  code  homes  were  at 
half  the  risk  (OR=0.53;  95%  CI  0.13,  2.08)  of  childhood  leukemia  when  compared 
with  children  living  in  low  current  code  homes.  Most  of  the  published  studies  report 
a  positive  association  between  exposure  to  electromagnetic  fields  and  incidence  of 
childhood  leukemia  (VVertheimer  and  Leeper,  1979;  Savitz  ct  a/.,  1988;  London  ct 
al.,  1991;  Feychting  and  Ahlbom,  1993;  Verksalo  ct  a!..  1993;  and  Olsen  ct  at.. 


1993). 
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Atlaclimenl  2:  Minor  coinnients 

1.  Page  2  of  the  Executive  Summary  says  that  controls  were  matched  to  cases 
based  '^n  "age,  sex,  race,  and  dates  of  residence  in  Woburn."  Page  30  of  the  . 
report  says  that  controls  were  matched  to  cases  on  "race,  sex,  and  age  ±  3 
months  from  the  case's  date  of  birth.  Controls  must  have  been  Woburn 
residents  at  the  time  of  the  diagnosis  of  the  matched  case."  The  description 
of  matching  offered  in  the  Executive  Summary  is  ambiguous.  Controls  were 
matched  to  cases  on  date-of-birth,  not  just  on  age.  Furthermore,  as  written 
in  the  Executive  Summary,  the  description  of  matching  on  Woburn  residence 
could  imply  that  controls  had  to  have  the  same  residential  histor}'  as  the 
cases,  wlien  m  fact  they  needed  to  be  a  resident  in  Woburn  only  at  the  time  of 
the  case's  diagnosis.^ 

2.  The  definition  of  controls  offered  on  page  27  of  the  report  does  not  correspond 
to  the  modern  definition.  The  report  states  "Controls  are  a  group  of 
individuals  in  whom  the  disease  is  absent  and  who  have  been  selected  for 
comparison  based  on  specific  matching  criteria."  Under  the  modern 
definition,  controls  are  a  sample  of  the  population  that  produced  the  cases. 
They  do  not  have  to  be  disease-free  and  they  should  not  be  thought  of  as  the 
"comparison"  group:  all  comparisons  are  between  exposed  and  unexposed 
subjects. 

3.  The  explanation  of  the  purpose  of  matching  in  case-control  studies  on  page  27 
is  not  cn  rect.  Matching  in  case-control  studies  does  not  balance  disease  risks 
within  exposure  groups.  Rather,  matching  allows  for  more  efficient  control  of 
confounding  in  the  analysis  by  assuring  a  more  even  balance  of  subjects 
within  strata  of  the  matched  factors  than  would  be  obtained  by  unmatched 


'  Note  al.so  that,  the  s<M:(jn(]  {)aragra|)h  ofpai^c  f)  1  indicates  \  h:\l  conti'ol.s  w-ci'c 
nialchcd  to  cases  on  dui-ation  oCWoburn  i"(_'sid(aicv,  not  icsidoncN'  m  Wohiun  at  tho 
t  niic  ol' case  (li,i!4ii()sis.  Tlu^  pa ragraph  says  " Rosidonl  la  1  i  ntoianat  ion  loi- each  case 
was  com  pa  F'a  I  )l  t '  1 1\'  st  i  k  i  \-  <  It  'Si  j'ji  to  that  of  its  two  in  ;i  I  chod  ci  m  t  cols    This  means 
that  each  m  a  i  d  it  m  I  t  ii  plot  ( t  In  •  caso  a  lui  i  t_s  t  \V()  con  t  r'ols  i  hail  Wo  lis  <  1  and  11  \va  1 1  a" 
fXMo.-urt'  wilo'';-  h.a.soij  on  iln-  sanio  It-ni'tli  ot  resit  It  aiC' •  in  Wohiirn 
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sampling.  A  peci-  rovi(nvor  made  this  point  also  and  it  has  not  been  ("ully 
corrected  in  the  text. 

4.  Since  controls  were  all  selected  from  public  school  records,  re^Jers  might  be 
concerned  that  cases  attending  private  school  would  not  have  arisen  from  the 
population  sampled  to  obtain  controls.  A  lack  of  correspondence  between 
cases  and  the  base  that  produced  the  cases  is  indeed  cause  for  concern  in 
case-control  studies.  We  have  learned  (DPH,  personal  communication,  1996) 
that  all  of  the  cases  who  attended  school  did,  in  fact,  attend  public  school  in 
Woburn.  This  observation  should  be  included  in  the  text  of  the  report. 

5.  The  report  states  on  page  60  that  "Variables  where  positive  responses 
occurred  at  a  total  frequency  (cases  and  controls)  of  at  least  10  and  whose 
relationship  with  both  leukemia  and  water  exposure  yielded  an  odds  ratio 
greater  than  or  equal  to  1.5  were  entered  into  the  multivariate  model."  This 
is  an  unconventional  method  of  detecting  confounders.  First,  we  know  of  no 
basis  for  requiring  at  least  ten  positive  responses  among  cases  and  controls. 
Second,  the  association  between  the  confounder  and  disease  should  be 
measured  only  among  the  unexposed.  The  association  between  the 
confounder  and  wells  O  and  H  exposure  should  be  measured  only  among  the 
controls  (Klembaum  cf  al.,  1982).  Third,  the  more  conventional  technique  for 
detecting  confounder\s  is  to  choose  those  variables  for  which  the  adjusted  (for 
the  potential  confounder)  measure  of  effect'  differs  appreciably  from  the 
unadjusted  measure  of  effect  and  for  which  there  is  no  substantial  evidence  ot 


"  W'r  note  t         t  he  I  )1M  1  .  i  d  <  ir( 'SS( 'd  till.-^  l.^.suc  i  )ii  p.ljM'  I'J  of  ils  fi'SpoilSC  (i) 
peer  n-vit  'U'l  T  con  I  n  II  ■Ml I  )n  1  did  \\n\  in  >  m  1 1  i  nn  m  I  h.i  I  ri    j  m  iii.si '  thai  ;  1 11  ca.si  vs  who 
icacliiMj  school  :\yr  a  I  1 1 M  k  1 1  m  j  [itihhc  M'hool 
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effect  modification  by  the  potential  con  founder."^  The  DPII  should  exphun 
why  it  chose  its  method  for  detecting  confoundcrs. 

C.        The  report  states  on  page  61  that  the  p-values  "give  the  probabihty  that  the 
null  hypothesis  (of  no  relationship)  is  true  given  the  data."  This  is  an 
incorrect  definition  of  the  p-value.  The  "truth"  of  the  null  hypothesis  must  be 
measured  by  the  validity  of  the  study  methods  as  well  as  its  precision.  The  p- 
value  can  measure  only  the  precision  of  an  estimate  of  effect.  We  suggest  a 
definition  such  as  "the  p-value  is  the  probability  of  observing  the  study's 
results,  or  results  more  extreme,  assuming  that  the  null  hypothesis  is  true. 
The  p-value  cannot  incorporate  a  measurement  of  the  validity  of  the  study's 
methods." 

7.        Similarly,  the  report  states  on  page  66  that  "The  narrower  the  confidence 
interval,  the  more  likely  the  odds  ratio  truly  represents  the  amount  of  risk 
among  cases  relal  [ve  to  controls."  This  definition  has  two  shortcomings. 
First,  the  confidence  interval  provides  no  information  on  the  "truth"  of  the 
odds  ratio:  it  is  onl}'  a  measure  of  a  study's  precision,  not  of  its  validit}'. 
Second,  the  comparison  in  a  case-control  study,  as  in  all  etiologic 
epidemiology  studies,  is  between  exposed  and  unexposed  subjects,  not 
between  cases  and  controls.  We  suggest  a  definition  such  as  "The  width  of 
the  confidence  interval  provides  a  measure  of  the  precision  of  the  association; 
it  cannot  incorporate  a  measurement  of  the  validity  of  the  study's  methods." 


The  report  says  (p.  60)  that  "likelihood  statistics  were  sometmies  employed 
to  evaluate  the  importance  of  interaction  terms."  These  interactiori  terms  were 
likely  the  cross-product  between  the  main  eftuct  and  the  covariate,  a  measure  of 
interaction  on  the  multiplicative  scale.  The  interaction  of  biologic  relevance  is 
interaction  on  an  additive  scale  (Rothman,  1986).  In  any  event,  the  statistical 
significance  of  the  interaction  term  as  measin(Mi  by  likelihood  statistics  is  a  poor 
nieasui-(.'  of  effect  modification.  We  suggest  that  tlu,'  DPI  !  invt^st  igato  interaction  l)y 
(•.ilciilal  in*^  the  odds  ratios  within  sti'ata  ol'tlic  potential  effect  iriodillers  and  lookiiiLj 
lor-  SI  ibst  a  nt  i.d  dex'iat  ion  iVoni  addit  i  vi  t  \'  of  t  li<'  rat(\s  as  descial)e(l       Rot  h  in  a  n 
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8.  The  authors  write  on  page  95  that  control  of  confounding  using  tlie  Tukey 
method  composite  covariate  reduced  the  width  of  the  confidence  interval  hy 
half  compared  with  the  multivariate  model  entering  each  covariate 
individually.  The  variance  of  the  odds  ratio,  and  so  the  width  of  the 
confidence  intervals,  should  be  measured  on  the  log-scale.  Transforming  the 
values  shown  in  Table  12  of  the  text,  we  obtain  a  In-odds  ratio  adjusted  using 
the  Tukey  composite  covariate  of  2.12,  a  ln-LCL95  of  -0.32  and  a  ln-UCL95  of 
4.55,  yielding  a  confidence-intei-val  width  of  4.87.  We  obtain  a  In-odds  ratio 
adjusted  using  the  individual  covariates  of  2.58,  a  ln-LCL95  of  -0.16  and  a  In- 
UCL95  of  5.32,  yielding  a  confidence-interval  width  of  5.48.  On  the  log  scale, 
then,  the  confidence  interval  about  the  odds-ratio  adjusted  by  entering  each 
variable  individually  into  the  multivariate  model  is  only  1.13-fold  wider  than 
the  confidence  interval  about  the  odds-ratio  adjusted  b}'  using  the  Tukey 
covariate.  The  confidence  intei-val  is  not  twofold  wider.  Of  course,  the  Tukey 
method  does  not  account  for  the  standard  error  of  the  score-variable  assigned 
to  each  subject,  so  one  would  expect  at  least  the  appearance  of  greater 
precision  using  this  method. 

9.  We  have  enclosed  a  copy  of  an  unpublished  study  by  the  Arizona  Department 
of  Health  Services  (Flood  ct  al.,  1990)  that  the  DPH  may  wish  to  include  in 
its  discussion  of  the  carcinogenicity  of  trichloroethylene.  Flood  et  al.  (1990) 
studied  the  incidence  of  childhood  leukemia  in  Maricopa  County  from  1965  to 
1 986.  A  cluster  of  childhood  leukemia  cases  was  observed  in  the  area,  just  as 
in  Woburn.  One  of  the  a  prion  hypothesis  of  the  study  was  that  the  cluster 
was  related  to  ingestion  of  trichloroethylene  in  contaminated  water.  The 
study  "failed  to  demonstrate  an  association  with  .  .  .  proximity  to  wells  which 
pumped  TCE-contaminated  water." 

10.  Tabic  22  of  the  sttidy  indicates  that  tiic  1)1*11  [^atluMcd  information  on 
maternal  consumpt  ion  of  f  ajiwatcM-  dui  in;^  f  Ik^  prc^gnancy  with  the  cas(^  or 
conti-ol  child.  Yet,  this  information  was  not  a{)pai<'ntly  includ(Kl  in  the 
exposure  nictiic    The  DPI!  should  prov'idc  ciiidc  and  adjusted  estimate.-;  ot 
effect  for"  the  et  loloj'^ic  period  "dufin;',  pi"e:;iianc\'"  with  exposure  deliiKMl  il 
current  I V  has  Ixmmi  delnied  but,  ;  dsn  re(  j  o  i  rin  j'        iiidicat  ion  ol  consum  pt  ion  nl 
1  loi  isel  loM  !  .1        t  <■!■  d  1 1  n  n;;  pre;Mia  nc\'  in  fe:;pi  la.-.e  to  ( p  lesl  i(  )n  '.'.'l  ol  I  he 
snrx'ey. 
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Dear  Sirs: 

This  document  is  in  response  to  your  letter  providing  major  and  minor  comments 
concerning  the  Draft  Final  Report  of  Tlie  Wobum  Childhood  Leukemia  Follow-up  Study. 
Your  major  comments  are  addressed  herein.  Minor  comments  have  been  reflected  as 
modifications  to  the  text  reflected  in  the  final  report  as  appropriate. 

Your  opening  statement  addresses  the  variety  of  exposures  and  personal  characteristics 
which  were  examined  as  potential  risk  factors.  Among  the  associations  you  discuss  are 
the  results  of  our  investigation  of  power  line  wire  code  configurations  as  surrogate 
indicators  of  residential  60  Hz  EMF  exposure.  You  state  that  our  results  are  in  opposition 
to  the  direction  of  relationships  typically  found  in  other  studies. 

Your  statement  is  based  upon  results  presented  in  the  draft  report  pertaining  to  unmatched 
analyses  of  residential  wire  code  comparisons  for  which  both  cases  and  controls  could 
have  resided  in  Wobum  and  upon  a  matched  analysis  of  residences  at  diagnosis.  These 
analyses  include  residences  which  were  not  the  primary  residences  of  interest  regarding 
the  assessment  of  EMF  exposure  and  its  relationship  to  childhood  leukemia  onset. 

The  most  definitive  analysis  with  regard  to  residential  wire  code  is  of  the  subgroup  of 
persons  who  had  what  were  considered  stable  residences,  or  cases  and  controls  who 
resided  in  the  same  household  for  the  entire  etiologic  period.  These  subjects  would 
receive  all  residential  EMF  exposure  in  a  single  home  and  represent  the  best  subset  of  the 
population  to  conduct  the  matched  analysis.  Results  indicate  an  odds  ratio  of  2.20  which 
is  consistent  with  the  literature  (London,  ct  al.  1991,  ().R.=2.15). 

No  association  was  identified  between  smokinu  during  pregnanc\'  and  leukemia  risk 
ahhough  findings  of  one  slud\'  in  tlic  review  article  you  cited  denionstraies  such  a 
relationship.  1  lie  preponderance  oT evidence  lo  date  has  not  upheld  this  relationship.  ( )ur 


study  allows  for  the  generation  of  one  risk  estimate  for  the  relationship  between  maternal 
smoking  and  childhood  leukemia.  Our  research  was  not  specifically  designed  to  address 
such  an  issue  and  conclusions  based  upon  a  single  risk  estimate  are  not  scientifically 
definitive.  This  uncertainty  must  be  resolved  by  flirther  investigations  with  the  capacity 
to  generate  further  associations  to  test  the  smoking  and  leukemia  hypothesis. 

Our  confidence  in  our  conclusions  in  this  investigation  are  based  on  the  strength  of  the 
exposure  assessment  associated  with  wells  G  and  H  and  our  ability  to  use  our  exposure 
risk  estimate  for  a  variety  of  refined  analyses.  The  consistency  in  direction  of  the 
associations  identified  (Table  8  and  10)  from  these  analyses  allows  our  positive 
conclusions  regarding  potential  for  water  exposure  and  childhood  leukemia.  Associations 
identified  with  other  risk  factors  such  as  breast  feeding  and  dental  x-ray  exposure  (figure 
on  page  3  of  your  critique)  cannot  be  discussed  with  a  level  of  certainty  as  no  consistency 
in  direction  of  association  can  be  definitively  established  based  on  single  risk  estimates. 
Further,  the  total  number  of  risk  estimates  calculated  in  this  investigation  would 
presuppose  relationships  identified  as  significant  by  chance  alone. 

Major  Point  1  -  Selection  and  Control  of  Confounders 

This  point  is  a  critique  of  the  methods  and  reasons  we  used  for  matching  and  selecting  a 
comparison  population.  Your  primary  criticism  is  of  the  risk  factors  we  controlled  for  in 
our  analysis  and  the  matching  scheme  we  conducted  in  the  course  of  control  selection. 

On  page  4,  paragraph  2  of  your  critique  you  state,  "exposure  to  Wells  G  and  H  is  likely  to 
be  evenly  balanced  in  the  study  population.''  This  statement  is  not  correct.  It  was 
strongly  suspected  prior  to  the  beginning  of  our  study  that  potentially  contaminated  water 
was  not  available  to  all  residences  uniformly.  The  Murphy  water  distribution  model 
(Final  Report,  Appendix  XI)  clearly  demonstrated  this  fact.  The  location  of  the  subject 
residences  and  the  dates  of  residence  during  the  wells  operation  had  a  direct  bearing  on 
how  much  contaminated  water  the  residents  potentially  received. 

It  was  absolutely  essential  therefore  that  the  cases  be  matched  to  controls  by  age  so  that 
cases  could  be  compared  to  controls  who  were  consuming  water  during  the  same  period 
of  development  at  the  same  point  in  the  timeline  of  the  wells'  operation.  Potential 
exposure  levels  would  depend  on  differences  in  water  distribution  patterns  among 
residences  over  time  as  well  as  differences  in  concentrations  of  potential  contaminants  in 
wells  G  and  H  over  time. 

There  were  ihrcc  limes  as  many  males  as  lemales  in  llie  case  population.  It  was  therefore 
decided  to  match  by  gender  to  assure  thai  any  gender-specific  sensitivity  ol  the  subjects 
to  potential  exposures  would  he  adjusted.  Associations  identified  wouki  not  be  uender- 
specidc. 


We  also  controlled  for  other  confounders  which  we  fell  could  be  potential  contributors  to 
childhood  leukemia  onset.  Some  factors  although  not  directly  associated  with  leukemia 
are  known  to  affect  reproductive  outcomes  and  were  therefore  included  as  part  of  the 
logistic  regression. 

Composite  covariates  were  generated  (Tukey,  1991 )  in  an  attempt  to  maintain  statistical 
power  while  including  major  variables  of  concern.  Although  the  Tukey  analysis  reduced 
the  width  of  the  confidence  interval  about  the  point  estimates,  small  numbers  of  subjects 
continue  to  demonstrate  the  imprecision  of  the  statistical  calculations.  Adjustment  using 
the  Tukey  method  does  not  change  the  direction  or  pattern  of  the  identified  a:>oociations. 
The  magnitude  of  the  risk  estimates  must  be  interpreted  vnth  caution. 

In  your  critique,  you  point  out  that  the  direction  of  the  shift  in  odds  ratio  values  (Table  1 , 
page  5  of  your  comments)  is  not  consistent  for  each  segment  of  the  etiologic  period.  You 
then  associate  the  variability  in  direction  with  bias.  You  have  not  considered  that  the 
etiologic  period  for  each  case-control  triplet  differs  in  length.  The  crude  analysis  for  the 
full  etiologic  period  allows  study  subjects  with  different  lengths  of  exposure  to  be 
compared  directly.  As  a  result,  persons  who  were  younger  at  diagnosis,  who  logically 
will  be  more  likely  to  have  a  smaller  cumulative  exposure  are  compared  to  those  with 
longer  exposures.  Crude  analysis  for  the  period  from  birth  to  diagnosis  also  has  the  same 
limitation. 

Crude  rates  are  composed  in  part  of  comparisons  between  persons  of  differing  ages  with 
differing  exposure  simply  because  they  lived  for  different  lengths  of  time  in  a  potentially 
exposed  population  and  not  because  they  were  necessarily  at  greater  risk  of  exposure. 
Crude  risk  estimates  therefore,  should  be  interpreted  with  caution  particularly  considering 
the  availability  of  matched  results. 

The  crude  analyses  for  the  period  during  pregnancy  is  by  definition  an  analysis  with 
defined  time  limits  based  on  the  beginning  and  end  of  the  pregnancy.  Exposure 
comparisons  during  these  periods  would  be  limited  to  more  well  defined  periods  of 
exposure  and  not  have  the  same  limitation  as  the  other  crude  analyses. 

In  the  matched  analysis,  cases  are  compared  to  their  age  and  date  of  residence  matched 
controls.  TTiey  are  at  risk  of  having  an  exposure  of  the  same  maximal  length  of  time 
during  the  same  period  of  time  of  the  Wells'  operation.  Differences  in  exposure  values 
retlect  differences  in  the  public  water  system's  delivery  of  the  contaminated  water,  not 
differences  in  well  contaminant  concenlraiions.  Adjusted  values  give  the  best 
comparison  between  exposure  le\els  of  individuals  residing  in  Wobum. 

The  size  and  direction  of  the  risk  estimates  of  potential  confounders  are  based  on  risk 
estimates  of  very  small  samples.  This  stud\  cannot  therefore  fully  address  the  effect  of 
each  potential  confounder  on  outccMiie.  Our  conclusions  regarding  wells  G  and  H 
exposure  are  based  on  our  study's  abilit\  lo  compile  a  body  of  evidence  which  addresses 
criieria  for  cau.sal  inference  includmg  consi.stcncy  in  direction  of  associations  identified,  a 


dose-response  relationship,  and  a  decrease  in  risk  after  the  removal  of  the  pathway  of 
exposure. 

Our  inclusion  of  a  variety  of  different  variables  in  the  model  was  done  to  explore  the 
potential  unexplained  confounding  which  may  take  place.  We  were  consistent  in 
presenting  unadjusted  odds  ratios  as  well  as  those  of  adjusted  rates.  The  unadjusted 
matched  analysis  can  be  seen  to  demonstrate  the  same  trend  in  association  as  the  adjusted 
between  exposure  to  water  from  wells  G  and  H  and  childhood  leukemia  risk. 

The  comments  presented  herein  substantiate  the  necessity  to  use  matched  controls  based 
upon  age,  sex,  and  residence  in  the  Wobum  analysis.  The  unadjusted  conditional  logistic 
analysis  using  matched  data  does  not  therefore  overestimate  the  risk.  No  matter  the 
preference  of  the  reader  regarding  risk  estimates,  the  association  between  the  potential  for 
exposure  to  water  from  wells  G  and  H  and  childhood  leukemia  is  positive  and  greatest  for 
the  period  during  pregnancy. 

Major  Point  2  -  Inconsistency  with  Lagakos  et  al.  (1986) 

With  respect  to  the  comparison  of  our  study  conclusions  to  those  of  Zelen  and  Lagakos, 
your  point  is  well  taken  that  our  conclusions  are  not  in  fact  similar.  The  associations 
Zelen  and  Lagakos  identify  between  potential  for  exposure  to  the  wells  and  childhood 
leukemia  are  for  the  time  period  from  birth  to  case  diagnosis.  They  discussed  no 
association  between  exposure  during  pregnancy  and  leukemia  diagnosis  as  we  did  in  our 
analyses. 

You  stated  that  "Lagakos  e(  al.  (1986)  found  an  apparent  association  between  exposure  to 
wells  G  and  H  from  birth  to  case  diagnosis,  where  as  this  study  found  no  such 
association."  You  further  state  "the  results  of  the  Lagakos  study  and  the  DPH  study  are 
therefore  inconsistent,  although  both  studied  essentially  the  same  set  of  cases  and  both 
ascertained  exposure  to  Wells  G  and  H  during  this  same  etiologic  period  by  very  similar 
methods."  This  is  not  correct. 

Zelen  and  Lagakos  present  no  results  specific  to  the  pregnancy  period.  Wlien  one 
examines  their  method  of  assigning  exposure  values  it  seems  that  they  include  the 
pregnancy  as  part  of  the  Birth  to  Diagnosis  exposure  time  period.  They  state  (pg.  585- 
586)  "we  merged  Wells  G  and  11  exposure  infornialion  with  other  data  and  assigned  lo 
each  pregnancy  the  annual  exposure  score  corresponding  to  the  mother's  residence  in  the 
year  the  pregnancy  ended."" 

Zelen  and  Lagakos  coiiipuicd  \carl\'  ox[")<)surc  vahies  based  on  fi\e  /.ones  ol  exposure  in 
Wobiirn.  They  coin[-)aic<l  ihc  \earl\'  \alues  tor  each  situi\  subjccl  lo  \cai  K  expoMin.- 
\  ;ilues  of  other  children  \\\  ihe  same  residenlial  aic.is    1  hose  \  aliic.s  were  calciil.ned  based 
on  the  exposure  average  and  iheii  \aiiancc  loi  chiKln-ii  bom  m  the  same  \eai  who  \^^■IC 
not  diagnosed  \Mlh  Iciikcmi.i        .(sl  un  ilirii  (K-m,  i  ipiioii  ol  thcir  exposure  assessiiu'iii 
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method  Zelen  and  Lagakos  were  most  likely  unable  to  refme  their  exposure  assessment 
enough  to  specifically  detect  the  relationship  during  pregnancy. 

Our  exposure  data  was  based  on  aggregate  totals  of  month  by  month  exposure  values  for 
each  case  and  their  controls.  We  were  thus  able  to  sum  monthly  exposure  values  based 
on  where  the  mother  lived  relative  to  more  than  fifty  zones  of  exposure  during  each 
montli  of  exposure  in  Wobum.  This  allowed  for  the  generation  of  exposure  values 
specific  to  the  months  of  the  pregnancy  and  the  residence  or  residences  the  mother  lived 
during  the  pregnancy. 

The  effect  Zelen  and  Lagakos  identified  may  represent  at  \east  part  of  the  relationship  we 
identified  between  exposure  during  pregnancy  and  leukemia.  The  exposure  values  they 
generated  are  not  specific  enough  to  identify  exposures  during  pregnancy  alone.  Zelen 
and  Lagakos  assigned  values  based  on  the  year  the  individuals  were  bom.  This  type  of 
assessment  would  assign  a  mixture  of  exposure  values  from  the  year  of  conception  and 
the  year  of  birth.  Children  bom  early  in  the  year  (12  of  the  21  cases  were  bom  on  or 
before  the  6th  month  of  the  calendar  year  allowing  for  a  large  amount  of 
misclassification  error)  would  be  assigned  an  exposure  value  representing  that  year.  More 
than  one  third  of  the  cases  would  have  been  assigned  an  exposure  score  representing  the 
calendar  year  after  they  were  conceived.  This  means  that  the  actual  exposure  during  the 
first  trimester  of  pregnancy  (potentially  the  trimester  for  which  the  child  is  most  sensitive 
to  environmental  exposures)  would  not  have  been  considered  in  the  assignment  of  an 
exposure  score.  Also,  the  observational  analyses  (summary  statistics)  used  by  Zelen  and 
Lagakos  do  not  consider  short  term  extremes  of  exposure  which  may  have  contributed  to 
the  association  with  illness,  particularly  during  specific  developmental  periods  of 
pregnancy. 

Major  Point  3  -Inclusion  of  a  lymphosarcoma/leukemia  case 

Point  3  of  your  review  is  specific  to  the  concern  that  our  study  included  a  leukemia  case 
which  was  originally  diagnosed  as  a  Lymphosarcoma  that  later  became  a  leukemia.  This 
child  is  in  fact  included  in  our  study.  The  lymphosarcoma/leukemia  subject  fits  our  case 
definition  criteria  as  described  in  the  methods  section  of  our  report.  We  do  not  have 
exclusion  criteria  for  cases  based  on  pre-existing  health  conditions  as  part  of  our  case 
definition.  The  case  therefore  was  correctly  included  as  part  of  our  study  population. 

Major  Point  4  -  Rationale  for  case  eligibiliiy  dates 

Case  ascertainment  ended  as  of  August  3  1 .  1989.  As  discussed  in  the  final  report, 
inclusion  of  the  cases  diagnosed  since  that  time  xmmiKJ  not  have  changed  the  conclusions 
ot  this  investigation.  In  ail  instances  the  new  cases  \\cie  too  young  for  either  maternal  or 
personal  exposure  to  water  from  the  contaminated  \\ells  during  the  eliologic  period  of 
thi.s  in\ esligation. 


The  researchers  who  conducted  the  MDPH  1981  Childhood  Leukemia  Study  selected 
January  1 ,  1969  as  the  earliest  date  of  diagnosis  for  which  a  case  could  be  included  in  this 
investigation.  They  determined  that  cases  diagnosed  prior  to  that  time  could  not  be 
located  in  a  reliable  marmer  leading  to  the  potential  for  underestimation  of  leukemia 
incidence  prior  to  that  date. 


Major  Point  5  -  Matching 

The  matching  procedure  as  previously  explained  contributes  to  the  precision  of  the  case- 
control  analysis.  The  water  distribution  model  by  definition  assigns  values  of  zero  to 
cases  or  their  matched  controls  if  they  are  not  receiving  water  from  wells  G  and  H.  If  the 
wells  were  functioning  at  a  point  in  time,  then  a  case  or  matched  control  might  receive 
some  or  no  exposure  from  the  wells.  If  the  wells  were  closed  then  cases  and  controls  are 
all  assigned  a  value  of  zero  exposure  and  are  not  part  of  the  cmalysis  for  the  portion  of  the 
etiologic  period  in  which  they  receive  no  exposure.  As  in  any  analytic  adjustment 
procedure,  stratification  of  the  data  allows  for  the  examination  of  specific  subjects  of  a 
population  that  share  a  common  characteristic. 

"Adjusting"  for  the  effect  of  that  characteristic  provides  information  regarding  how  the 
association  in  question  behaves  in  the  known  presence  or  absence  of  the  characteristic. 
In  this  situation  we  have  stratified  the  analysis  to  include  matched  triplets  (a  case  and  two 
controls)  for  whom  at  least  some  member  received  some  exposure  during  pregnancy.  We 
are  deliberately  eliminating  triplets  who  all  received  no  exposure  during  pregnancy 
(concordant  triplets)  and  then  determining  if  exposures  were  likely  to  be  associated  with 
outcome  among  the  remaining  subjects  (discordants). 

For  the  purpose  of  this  analysis,  the  population  is  reduced  to  the  persons  who  were  in- 
utero  and  who  received  at  least  some  exposure.  Although  statistical  power  is  reduced,  the 
analysis  allows  for  the  assessment  of  potential  exposure  during  pregnancy  independently 
of  potential  exposure  to  mother  and  child  at  any  other  time. 


1  would  like  to  thank  you  for  taking  the  time  to  review  our  work  and  provide  constructive 
comments. 


Sipc-ereiV, 


Kevin  S.  Costas.  M.P.H. 
Senior  (\)niniiiiiit>'  I-jiidciiiiologist 
1  ii\  iKHinu'iUal  !■  puicinioloiiy  iVograiii 
Riirc.iii  ot  i  ii\  iKMiiiicnlal 
I  K'.ilih  AsscsMin'iii 
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